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Introduction

This paper concerns the development of a website and CD-ROM based |aboratory manual for
a Strength of Materials Laboratory. Similar work has been done for another component of the
Civil Engineering undergraduate curriculum, the Introduction to Environmental Engineering
Laboratory. The laboratory manuals for the two classes will have a similar interface and layout.
The long-term goal of the project is to use the style and approach developed on this project asa
template for other civil engineering laboratory courses. Common elementsto al of these
|aboratories include modules on laboratory safety, report writing, statistics and proper use of
units.

Thiswork is being done as a collaborative NSF-funded project between the Civil Engineering
and the Interactive Multimedia Department at Southern Illinois University Carbondale. Partia
support for this work is provided by the National Science Foundation's Course, Curriculum and
Laboratory Improvement Program under grant DUE-9952577. Southern Illinois University
Carbondale College of Engineering, College of Mass Communication and Media Arts and the
Materias Technology Center provide additiona support. In addition, a faculty member from the
College of Education isinvolved with the assessment of the project. In addition, assessment and
development is supported through an industry partner. It is hoped that the final product will serve
as anationa model for a diverse range of university environments.

Strength of Materials or Mechanics of Materials is a second-semester sophomore or first-
semester junior level engineering class, and isrequired for al civil engineering magjors, aswell as
most other engineering majors. The laboratory component of this class includes experiments
measuring bending stresses and deflections, buckling loads, compression of various materials,
uniaxial tension and torsion of materias. The labware (Iaboratory courseware) was designed to
present elements of theory, experimental procedure, data collection, data reduction, report
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writing, and statistics. The labware will combine smple text, illustrations, photographs, video-
clips, sound, smulations, animations, hypertext descriptions, and links to the Internet, making it
truly multi-media. The description of an individual experiment will include a section on the
underlying theory upon which the experiment is based. A detailed description of the procedure
involved in conducting the experiment will be presented, with video-clips as needed. This will
include instructions on how to operate any equipment needed in the experiment. Several actual
data sets resulting from the experiment will be provided for avariety of experimental parameters.
A virtual ssimulation of the experiment will be provided whenever possible. With thisinformation,
it isthought that students will be able to completely familiarize themselves with the |aboratory
theory and procedures before coming to the laboratory.

The pedagogy promoted by our approach is to engage students in active learning, and to
accommodate various learning styles. The labware (laboratory courseware) is intended to enhance
student learning through the exposure to richer learning tools, resources, and advanced
technologies. Focusing on the development of an interactive multimedia web site for the
laboratory component of the course will strengthen the bridge between application and classroom
theory. The labware is designed to present elements of theory, experimental procedure, data
collection, data reduction, report writing and statistics. It will combine text, illustrations,
photographs, video-clips, sound, smulations, animations, hypertext descriptions, and hot-links to
the Internet, making them truly multi-media The fina product will available on the World Wide
Web.

Prior to attending laboratory, students will be expected to review the basic concepts of the
associated theory and to experience a“virtua laboratory” prior to their actual hands-on
experience. In addition to a multimedia presentation of the theory, experimental procedure and
results, the labware will incorporate statistics through the use of multiple data sets. After the
experiment, students can use the labware to understand data reduction and data analysisin
addition to accessing additional sets of experimental data. This additional datawill allow for the
integration of statistics into the laboratory experience, as well as allowing the student to vary
experimental parameters. Thiswill further enhance the student’ s understanding of data reduction,
data analysis and statistical analysis of real-world data.

For laboratories equipped with the appropriate equipment, the labware is designed with the
expectation that students review the various aspects of the CD at different stages of the learning
process. Prior to attending laboratory, students will be expected to review the basic concepts of
the associated theory and perhaps to experience a “virtual laboratory” prior to their actual hands-
on experience. In addition to a multimedia presentation of the theory and the experimental
procedure and results, the labware will incorporate statistics through the presentation and use of
multiple data sets. After the experiment, students can use the labware to perform data reduction
and data analysis in addition to accessing additional sets of experimental data. This additional data
will alow for the integration of statistics into the laboratory experience, as well as allowing the
student to examine the effect of varying some of the experimental parameters. For example,
different materials or geometries can be used in the Strength of Materials Laboratory experiments.
Thiswill enhance the student’ s understanding of data reduction, data analysis and statistical
analysis of real-world data.
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In the case of equipment failure or poor experimental controls and/or data collection by the
students, the additional data will allow students to complete data reduction and data analysis
critical to the link between theory and application. In the event that a particular piece of
equipment is unavailable, the multimedia presentation of the labware, together with the virtual
laboratory simulation and the actual experimental data, should provide a reasonable substitute.
Thiswill alow institutions such as community colleges, which do not have the financia resources
to have a complete laboratory facility, to offer their students a suitable laboratory experience in
these classes.

An overal product survey will be prepared to judge the students and the faculties’ opinion of
the format of the labware as compared to traditional printed laboratory manuals. This survey will
be acritical link in the formative assessment and development of the labware during initial site
vigits, and will continue to improve the product.

The development of the labware represents alarge and comprehensive piece of work
developed with cross-discipline and industrial collaboration. This partnership has provided a
distinctive experience and opportunity for all of the developers. It has also presented some
interesting problems, which were attacked with constructive and viable solutions.

Background

There has been a significant amount of work done in the area of multimedia and/or web based
interactive learning modules in science and engineering [1,2]. This work ranges from basic
courses such statics [3,4], dynamics [5], and strength of materials [6]; to advanced topics such as
finite element analysis [7]. Interactive courseware and online courses have aso been developed in
civil engineering fields such as construction management [8,9]. In the Civil Engineering area, the
development of a multimedia soils mechanics laboratories have been pursued [10-14]. Some work
has aso been done in the area of environmental engineering, including alook at some aspects of
an introductory environmental lab [15-17]. Other work in the area of environmental |aboratories
looks at an interactive multimedia lab manual [18-20]. There has aso been work done in the use
of multimediain a strength or mechanics of materials laboratory [21-23]. Developments have aso
taken place for creating “Virtual Laboratories’ for engineering education [24]. Distance learning
isaso atopic of interest [25].

Devel opment

A variety of software was used to develop the web site. Macromedia and Adobe publish
the two major families of software for this type of project. An abbreviated list of these software
titles used includes:

Macromedia Dreamweaver — overall web development
Macromedia Flash — web enhancements

Macromedia Premiere — video editing and devel opment
Macromedia Director —initia prototype devel opment
Macromedia Fireworks — web enhancements

agrwdNE
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Adobe Photoshop — graphic editing and development
Adobe After Effects — video enhancement
MediaCleaner — video/audio compression

Camtasia — screen capture videos

©oo~N®

Each of these programs has a substantial learning curve. It was deemed a more efficient
use of time for the graduate students in multimedia to master and use these programs. The
engineering faculty provided the general concept, overall direction, and technical content.

The Strength of Materials Laboratory is part of alarger project. The main navigation
menu shown at the top of Figure 1 illustrates this. The six links across the top of the web page
take the user to the main pages of a general topics section, the Introduction to Environmental
Engineering Lab page, the Strength of Materials Lab page, and to dummy pages for Soil
Mechanics, Fluid Mechanics, and Construction Materials Lab pages. These last three links are
included to accommodate future work in this area that will include similar sites for al civil
engineering labs. Under the pictorial logo for the pageisalist of linksto individua experiments
and topics. For the Strength of Materials Lab, the links include a glossary of terms and tables of
material propertiesin addition to severa experiments. The experiments include tension, torsion,
column buckling, beam bending, and set of three experimentsin compression. The navigation
scheme is consistent throughout all pages in the site. It is possible to access any of the six main
pages from anywhere, and any of the sub-topics from anywhere in the Strength of Material site.
Under the page for an individual experiment, a new navigation border appears on the left of the
page asillustrated in Figure 2. Thisisa set of links to topicsindividual to the individual
experiment, including introduction and application pages discussing the general experiment and it
context within engineering, a materials page describing the materials used in the experiment, a
page giving a detailed description of the procedure for the experiment, a page discussing the
analysis of the data collected, a page detailing the contents of the report for this experiment, a
sample data sheet, a set of references, and any supplementary data sets that may be provided. This
list of topics may be expanded to include some discussion of the theory.

In Figure 3, the page showing the procedure for the tension experiment is shown. Video
clips are used to present some complex topics. This video clips can be accessed from the video
icon shown in this Figure 4. Also shown in Figure 4 are icons for data sets, Excd tips, and sample
calculations. The use of these iconsis consistent throughout all Lab Sites and pages. This
demonstrates the efforts being made to achieve a consistent look and feel for the entire project.
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MAIN PAGE GENCRAL ENVIRORMENTAL STRENGTH TLUIDS S0ILS MATERIALS
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COMPELIION  MATEELAL MROFEETIES  TIRME  TOMOON  TORGON

Intraduction [

Welooene to the website supporting the laboratory for your Mechanics of Deformable Bodies class, This topsc o also called
Sxrength of Materials or Mechanbos of Materialy, Machansos is the branch of physical soences conserned with the state of
reat of motion of bodies subjected o forees. Statics involves the study of rigid bodies. A deformalble body iz a solid body
that changes sie andy/or shape a5 & regult of loads that are applisd to it or &2 & pegult of temperature changes.

The study of deformable bodbes irmeolyes foroe equilibeiom, material behavior and speciemen geomarry. We must
deetermine the strength, stiffness, and stability of a body., This laboratory will involwe a number of experiments that will
help datermine the propertiss of vamious materials, as well as the response (strergth, stiffness, and stabilsty Jof different
compensnts under various loads. Undesstanding and applying the topics of Mechanios of Marerials requires the
imeegration of phymics, statics, mathermatbos, computer skills, laboratory anshroes, and written somimandeation skilla,

The purposs of these laboratory experiments i 1o introduce you bh various sipects of Mechanics of Materials through
labararory analysis. Experiments inchade Dandion [este, COMPretsion Tt DOrion aste, beam banding, and colusan
beckling. In each sxperiment, you will find matersal that relsbes to both the theory and the practical application of the
laboratory in the study of mechanics of materiabs, In addition to material that you typically find in laboratery manuals,
such a5 methods and materials, wou will have aocess to vides clsps, photographs, and sample data sets further Blustrating
leay conospis of the laboratory.
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Figure 1. Layout of Main Page for Strength of Materias Lab
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TENSION
Introduction
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i Mearly all specifications for material properties of metals are determined by uniaxial tensile
prefrssh, stress-strain and strength tests, The properties that are determined can include the modulus
ALY of elasticity, Poisson's ratio, yield strength or vield point, ultimate tensile strength,
axraT elongation or duetility, type of fracture, and reduetion of area. In order to obtain complete
ARFERTNCYS information coneerning the tensile properties of a metal, a stress-strain curve should be
e, T determined experimentally. Strains corresponding to definite stresses imposed upon the
e specimen are measured by means of an extensometer. The extensometer is attached to the
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specimen so as to measure elongations between two gage points. The procedure may consist
of taking a series of readings ol the load generated by the testing machine and corresponding
readings of the extensometer, or the stress-strain diagram may be drawn directly by and
graphic attachment to the testing machine,

Figure 2. Introductory Page for Tension Experiment
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MAIN PAGE

GENERAL ENVIRONMENTAL STRENGTH TLUIDS 50MS MATERIALS
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TR Procedure
TR TI
i Meazme the mivial Sameters of the gpacimens and punch on sach one & 2-inch gaugs areth, Turm oo the Tinius (en controller by Hiing the power switch
Ao o the left sidke o the umit. Start the hydraskc pamys by pressng the start bution oo the front of the unit. My, atialiy rese the teblk apprommately 14"
: a!:-:f.r-ﬂ'le!-:fﬁestpﬂm Mount the specimen between the threaded jaws ol the machine 20 make sure they are adally centered. o, ensure that a
R portion-of the threads 1 vishie foe e of removal after the speamen fractures, ﬁmhuﬁextﬁwm[ﬂt}xmnﬂrﬂmiammm
Lo the extensometer on the g points of the spedmen, Zzro the load and stram channels on the controller by pressing *7" and 4" on the front of the
pontroller panel.
EEFERESCEL
o ‘I’qu;l:lwhmu._.
[ELAMFLE
Bl dEES

Aftach the sampuber cable b the port i the back of the metroder, Nest, exscute TR for Windows software for the tension experiment, Under
“parameters” mzke sore that “Auminam i displayed in blue for slumim specmens, “Seel” i daplayed for steel specimens, et Thesoftware i preset
fior that speciS: matenial. Enter the Customer, Lot ursher, Material, Desmiption, and Operator € desired. Enter & the sample mrmbeer {required | Click
“Srart Test " on the UTH software and eoter i & specmen diameter of 5050

hpply the kad at a sl rate by boreing the emall dial on the nght 2 zmall amomt m a courrter-clock wize direction. The software automatizally collectz bad
and siran data, For doctile materials, after the kad/strain cupe passes the 0.2% offset e, watch the computer for the "Rrmose: Instniment™ dert,
Carefully removs the extensomatar from the specimen t avoid damags by 2 sudden faihire, Az the specimen st2ms tonack, the sudemrs must siznd sway
from the machine I cass some broken peces might fiy out. Tncrazss the bading m ander to fracture the speeimen, and note the wtimate and Fachure kads.
Fioe herttle mareeials, i.2, cast incn, remoe the etensorter &5 aoon &5 the 0.0 olfeet bne & reacied, Conteus Ui increane the had and reosrd the aitmare
20 frachure o, Remows the spemen opon fracture, measire the imereass in kengeh of the 2-mch gaugs, and messme the neceng dizmeter, A,
T.da'mmakm&eﬁam'aimfﬂhwmmwd&emﬂmmﬁwﬁzmﬁqmmﬂeum

'ﬁlt:m'ﬁlmu gl Lestg

Tmder the window "Post Test Indormation, " enter the Smal gaugs length that was mezsured, Chok "aonspt ™ to conform the resgls, Reat, cick “canced™ when
prmpted to rebam the epeshesd. Close the U'TME eoftware program and open *Recall Bor UTRIWIN." Chok select to zoqure the reconded data {oerent
count sheekd read *1 sebected out of 1across 1 madule™) Bestore the grapd window boated at the hottoin of the sereen, (el view bo validate the resiks,
{Cioee the graph upon confirmation (The lzb TA may want to print a oopy of thes for grading purposss | Chek export undsr the graph windore, Name the data
file o be expuorted. Chekr “Fie™ whem prompted for ASTM D0:25 format. Bxport ooly beed and strain points, each with the mumber 3 dsplayed next to
thesm, Cheke "ek™, Mirmmne the graph window and sestore the “Flee” widow, (o “Anchive™ togase the sesuls b & e, Nane the il the seme st the
sxparted fike with ° " and "Whoree Dt option highiighted, Chose the “Recall for UTMWin™ progracn and open "Emoel,” Open the nam of the
svported fike. Woter “All Ples” should be selacted nest bo “Fikes:of types” b display the new exported file name. & *Test Tmport Wisard™ window will prompt
the user with 5 steps. Under Step 1 3edect “Delimubed™ {defirat ) ehick 2ot bo e to-Sep 2 Under Step 2, chech the Boses nest i “Tak" and
mm:dg *Dietmretors,” Skip Sep 4 by dicking "Finish” and 1000 data pogsts-from the test wil be dieplayad i Bxoel. Save thee bleasan "Bl

s o Vi Lo o Solteae

The same procedune i repeated for additien] specinens

Figure 3. Procedure Page for Tension Experiment Showing Use of Icons.

“ Proceedings of the 2002 American Society for Engineering Education Annual Conference & Exposition

Copyright © 2002, American Society for Engineering Education”

9'88'/ abed



“('[ ICK FOR VIDEO:

Xt_,'; ICK FOR BExXCEL T1p: I/'/\/\\ Data

Figure 4. Icons Used Throughout Web Site.

Assessment

Assessment of this project is being conducted on several levels. Student assessment is one
of the primary tools being used. A survey based on asix point Likert scale isbeing used with five
or six questions on the Educational Objectives, the Web Site Quality, the Web Site Content, and
the overall Concept. Additiondly, off-site review by faculty and students is being planned. A wide
range of institutions has agreed to participate. These include public and private universities, a
two-year community college, an engineering technology program, and institutions in small
medium, and large cities. This should provide a wide range of input, which will shape the final
product.

Conclusions

This project represents the two different aspects of civil engineering laboratory curriculum as well
as aunique collaborative effort with the College of Mass Communication and Media Arts.
Overal, the project is developing into a beneficial activity for both colleges, supplementing the
educational needs of both the undergraduates and graduates. The use of the web for presentation
of alaboratory manual is very promising. The use of multimedia e ements and hypertext links
allows the presentation of much more information than a traditional printed lab manual. By
planning a common site for al lab classesin the civil engineering curriculum, continuity is
maintained. The use of multiple data sets allows the integration of statistics into the laboratory.
While more work needs to be done; thisis avery encouraging development and has been well
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received by the students. The development of the labware represents alarge and comprehensive
piece of work developed with cross-discipline and industrial collaboration. This partnership has
provided a distinctive experience and opportunity for all of the developers. It has also presented

some interesting problems, which were attacked with constructive and viable solutions.
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