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Abstract

Virtual Laboratory for the Study of Mechanics (VLSM) is a Web-based educational tool being
developed to support Satics and Mechanics of Materials instruction at Mississippi State
University. It isdesigned to serve as an asynchronous tutorial tool with ten modules devoted to
topics of interest in these two courses. A typical module consists of concise theoretical
discussions, interactive MathView® examples, a Java-enabled design modeling and analysistool,
and a collection of test-your-knowledge exercises with response feedback. This paper describes
the objectives of developing VLSM, and gives an overview of some of its modules that have
aready been developed and are currently being used and evaluated at the designated Web site
(www.ae.msstate.edu/vism).

|. Introduction

The use of computersin engineering education isnot new. According to the U.S. Department of
Education, engineering faculty have been the quickest to adopt learning technologies. Since the
Fall of 1992, engineering faculty have surpassed all other disciplines by using computational
tools and software to implement computer-aided instruction.* A significant shift in technology
implementations that is apparent in engineering education today is toward greater use of
computers (and other devices) astoolsin the learning process rather than as instructional
delivery devices. Many of the newer technology tools are designed to facilitate educational tasks
by providing students with aids for studying content and practicing skills. Computer-aided
instructional reinforcements allow instructors to make more efficient use of limited lecture
periods by focusing more on the crucial concepts and less on the mundane tasks.

Computer-based instruction is commonly divided into two modes of delivery: Synchronous and
Asynchronous. Synchronous delivery of instruction involves presentation to the student while
the instructor is simultaneously available for student-contact with immediate feedback.
Examples of synchronous instruction on the computer would be instructor-moderated chat-room
discussions, instructor-facilitated application activities, and instructor-driven slide shows, to
name afew. Asynchronous delivery of instruction involves self-directed learning on the part of
the student with delayed teacher feedback and indirect student contact. Asynchronous
instruction examples would include tutorials, bulletin boards, email discussion lists, and
automated computer/Web applications that compile student activity data for teacher review at a
later time.

The explosive growth of potentially useful content on the World Wide Web, coupled with new,
easi er-to-use devel opment tools, has encouraged some engineering faculty to explore the use of
Web technologies for their course materials.> * In the past few years there has been a noticeable
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progress toward the use of computer technology in Satics and Mechanics of Material s courses.*®
The two subjects represent fundamental engineering courses in many fields of engineering, and
as such demand considerable attention in preparing students for more advanced topicsin
engineering.

The College of Engineering at Mississippi State University instituted a policy that requires all
incoming freshmen in the Fall of 1999 to own their own personal computers. Accompanying
this requirement, the college has provided financial support to a select group of faculty to
develop additional electronic courseware for discipline-specific as well as more general or
fundamental subjectsin engineering. The tool described in this paper represents a major effort
supported by this computer initiative.

[1. Virtual Laboratory for the Study of Mechanics

Virtual Laboratory for the Study of Mechanics (VLSM) is a Web-based educational tool being
developed primarily to support Statics and Mechanics of Materials courses at Mississippi State
University. VLSM isdesigned to encompass most of the topics studied in these courses, and to
serve as an asynchronous tutorial tool. It can be used by the instructor to enhance hislecture
presentations and by individual students to improve their understanding of conceptsin solid
mechanics and their ability to analyze various rigid and elastic structural systems. The
objectives of developing VLSM can be summarized as follows:

» Provide students with an online tutorial tool that would
help enhance their knowledge and understanding of solid mechanics
present the important concepts in a manner that is easy to comprehend
provide example problems that can be altered to answer "what if" questions
allow them to design and solve problems for various response parameters
present the solution procedure consistent with the methods taught in each course
answer their frequently asked questions
provide them with interactive exercises to improve their problem solving skills
offer them the opportunity to post questions to a specific instructor
» Provide instructors with atool that would
» help make their lecture presentation more effective
enable them to experiment with an alternate method of teaching
reduce the lecture time devoted to mundane aspects of the course
facilitate teaching students with different learning styles
assist them in organizing collaborative study sessions

Once fully developed, VLSM will have ten modules as identified in Fig. 1. A typical module
consists of concise theoretical discussions, interactive MathView® example problems, a Java-
enabled design and analysis tool, and a collection of test-your-knowledge exercises. With one
year into the three-year project, three of its modules (i.e., Geometric Properties of Shapes,
Characteristics and Properties of Materials, and Trusses) have been mostly completed and are
currently being evaluated at the designated Web site (www.ae.msstate.edu/vism).
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Fig. 2 The index page of the Trusses module
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Upon entering VLSM, one can simply click on the title button to go to the desired module.
Figure 2 shows the index page of the Trusses module. A three-frame layout is used with the
global navigation buttons located at the top of the page and the local navigation buttons listed
vertically at the left side of the screen. A simple point and click action is all that is needed to
navigate through the system. Theright frame is used to display the contents of each section.

Il. Theoretical Discussions

Each VLSM moduleis divided into a number of sections focusing on different aspects of the
main theme of the module. A discussion of the underlying theory is presented in a brief and
descriptive fashion with the help of mathematical formulae, graphs, and charts. Each discussion
tends to provide a more concise version of atypical classroom lecture, and it highlights the

important aspects of the theory as well as the specific details on the corresponding methods of
analysis.

Pop Question: (Question appears by clicking on the hyperlink)

Identify the zero-force members in the truss shown below.

—» 800 Ib

By @ @ ® @ SN

v 500 Ib

Y ou can submit one answer at atime by leaving the remaining answer fields blank.
Loi a2 A3 = 5" G =70 SR8 29

submit

If awrong member such as number 1 is chosen:
Sorry! Member 1 is not a zero-force member. Think about the definition and try again.

If aright member such as number 3 is chosen:

Good! You found a zero-force member. Can you find another?

If numbers 3 and 9 are chosen:
Good! You got theright answer. Do you know Why the right answer is ...

Looking at the truss, we observe members 3 and 9 have one thing in common. They are both zero-force
members. Member 3 is perpendicular to members 2 and 4, and there is no external force or support reaction
at the common joint. Therefore, we can concludethat it is azero-force member. The same analogy appliesto
member 9.

Fig. 3 A pop question example in Trusses module
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In an attempt to increase the effectiveness of the tutorial lectures, a number of "Pop Questions®
with multiple-choice answers are used as shown in Fig. 3. Each selected answer invokes an
automated response, which may also include an additional question. These questions tend to
provoke the curiosity of even those students who tend to be too shy to ask questionsin classin
the company of their classmates. Thisisone of the features of VLSM that promotes active
learning by encouraging studentsto pay attention to the theoretical discussions that precede each
question.

In addition to the pop guestions, each modul e has a section devoted entirely to a collection of
frequently asked questions and answers. In the event a student has a question that isnot included
on thislist, he or she can ssimply post that question to his or her instructor. The VLSM's post-a-
guestion feature can be used to e-mail a question to a particular instructor who is teaching the
section of Statics or Mechanics of Materials to which the student belongs. The posted question
and the instructor’s response would then be added to the list of frequently asked questions for
future reference. Thelist of instructorsis updated at the beginning of each semester to include
only the names of those teaching different sections of the two solid mechanics courses.

The theoretical discussions were developed originally using Microsoft Word, and saved as
HTML documents with DHTML features and JavaScript codes added in later. The layout of
each page was then reorganized using Macromedia’s Dreamweaver 2° software.

IV. Interactive Example Problems

One feature that makes an electronic tutorial tool superior to a printed textbook isthe level and
scope of interactivity that can be introduced between the user and thetool. Thisfeature has been
emphasized in VLSM with the help of interactive example problems. Below the problem
statement in each interactive example, a MathView-based solution is shown in a separate
window as depicted in Fig. 4.

MathView® is a symbolic mathematical software marketed by Waterloo Maple™ for the purpose
of providing interactive mathematical solution algorithms on the Web. It also has graphics
capability that can be used to generate accurate plots of various parameters in the problem.

Prior to its placement on VL SM, the solution to each example problem is developed in symbolic
form using MathView. These solution notebooks are then saved as .thp executable files that can
be viewed and manipulated by a Web browser (on Macintosh or Windows operating systems).
In these exampl e problems, the user can alter the input data and almost instantaneously see the
effects trickle down through the solution sequence including the embedded graphics.

The interactive examples show students how a solution should be formulated and executed, and
provide them with means of exploring different scenarios by changing the input data. Through
the examination of various "what if" questions, students can develop a deeper understanding of
the analysis method and the effect each parameter has on the solution results.

" MathView has since been acquired by Theorist Interactive, LLC., and is currently being marketed and supported
under the name LiveMath®.
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Area Moments of Inertia: Example

If the composite area shown is divided into four individual rectangular pieces, determine the moments of
inertia of each piece with respect to its own centroidal horizontal and vertical axes.

e ] e

1-

Bl

. —— ]

Dh=10 @ah=" @t=1 @a=5
2 ¥oucan highlight and charge one orallof the parareters ghve nabove fo see the effects on the
solution

@ Splution Procedure:
2 Since we are asked o solve for the momerds of ine ria of individual rec tangular pie ces, the re is no
need to knowr the locationofice ntroid of the cormposite shape. A1 we need o know is the
ce ntroidal posihion of each rec tangle as a separate pece. Fora rectangle ofwadth b and heightl,
the moments of ine rhia about its ce ntroidal honzontal and wertical axes, wdentifiedas x and w, are
ZTve T as
Olx=Lbk’ Olyy=Lhb’
2 The width and height diraensions of each rec tangular piece are ide rtified by inspec tion to be
Ob,=b-t Oh =t
Ob,=t Oh,=h+t
Ob, =a 0Oh =t
Ob,=b-t DOh,=t
2 Subatituting the proper values into the roraents of inertia equations vields
“2Piecel:
_ 1 — | =
Olxx =Lb h*® olox =2t (b -t) & Lex =075
— ] —_ 1 =
Oy =thb " alyy —#t(h -t o Iy, =60.75
2
O I}:}:! =#h1h: o I::::::_a =#t|:h +t:|:I o I}:}:: =53333
olyy,=Lth b’ alyy, =Lt (k+t) o lyy,=083333
2
O x| =#hjhj’ alo,=Lla 7 o lxx, =0.41667
Olyy,=Lth b’ alyy =La’t olyy,=10417
“2Piece 4:
_ 1 _ ] =
Olx,=Lib k' Alo, =Lt(b-t] &I, =075
— ] —_ 1 =
Olyy,=Lth b’ olyy,=Ltlb-t) & Ly, =6075

Fig. 4 A MathView example problem in Geometric Properties of Shapes module
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V. Design and Analysis Tools

A typical modulein VLSM is equipped with a design and analysis tool that allows a student to
develop a design model for which it provides a step by step solution. An example of thisisthe
Shape Design and Analysis Tool (S-DAT) in the Geometric Properties of Shapes module.
Developed using Sun’'s JDK 1.2 software, S-DAT can be used to draw arather complex
geometric shape, and to obtain its properties such as centroid, moments of inertia, product of
inertia, etc. Figure 5-a shows the graphical user interface (GUI) for SSDAT. Theiconson the
right show the ten built-in templates. They can be used individually or in combination to
generate a more complex shape.

New Edit Remove Solution Table View Help About  Show: ® Label

=)
| |7A

.............................

xxxxxxxxxxxxxxxxxxxxxxxx

Annlysis Resulcs:

Total Area: & = J2.0
Cantrolid: Ho o= Q.87
Ye = 4.8
Centroidal Moments of Inercia: Igax = 350,67

E Rotational Angle

Iye = 620,64 "‘=E
Froduct of Inercia: Ixy = =360.0
Polar moment of insrcia) J = 37L.3
Fadii of gyratiom: Fex = 23_31 _F‘_
Fyy = 4.4 L=
Polar radius of gyraticon: Pz = 5,51 b= 10 =
PFrimnoipal momencs of inercia; JTmax = 270,13 L | = 1
Tain = LOLl. LA - - L
Direccion of principal avxes: Amax = S55_28 (degraes) f "3 1 _Fj
kain = ~34.7% (dagres) 5 L
. Control Eeintix, ¥,) "-"-25
fﬁlm:ur: i 1--Rectangle Modified Successiuik. | w087 w1
{®  Group { Ungroup
@ AD_ || cur || Cancel |

b arring Applel Window

(b)
Fig. 5 Shape Design and Analysis Tool in VLSM, (a) Main GUI, (b) Zee template

The composite shape shown in Fig. 5-ais a combination of aZee section, identified as element1,
and arectangle, identified as element 2. Figure 5-b shows the Zee template, which appears by
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clicking on the Zeeicon. The desired dimensions and orientation angle can be specified in the
designated fields. The control point is used to facilitate the creation of composite shapes by
positioning each element in the desired location. If the chosen template represents ahole in the
composite shape, then the "CUT" button, as shown in Fig. 5-b, is pressed, otherwise the "ADD"
button isused. If the "Ungroup" option is selected, the shape shown in the template will be
divided into its basic elements. For example, a Zee section can be ungrouped into three separate
rectangles with the user being able to eliminate or modify the size and orientation of each
rectangular element.

As soon as a shape appears on the S-DAT window, its geometric properties are immediately
calculated with the results displayed at the bottom of the screen (see Fig. 5-a). Asmore elements
are added to or subtracted from the baseline geometry, the solution results are automatically
updated. Figure 5-a showsthe output screen in three separate scrolled positions. The key feature
of S-DAT isthat it shows the student the steps leading to each answer. By clicking on the
"Solution™ icon at the top of the GUI, a separate window appears showing the solution sequence.
This feature enables the student to learn what information and formul ae are used to calculate
each geometric property.

The Truss Design and Analysis Tool (T-DAT) in the Trusses module can be used for dynamic
modeling and analysis of various truss structures. It was developed primarily with the Microsoft
Visual Studio for J++ and Visual Interdev using JavaScript and VB Script programming
languages. T-DAT can be used to develop and analyze any two-dimensional truss structure. On
the client side, it is compatible with Netscape version 4.0 or higher, and requires that
JavalJavaScript be enabled. T-DAT currently requires a Windows NT Web server running 11S,
FrontPage Server Extensions, and ASP Server Extensions, with the SQL Server database engine.

The layout of T-DAT consists of 5 frames as shown in Fig. 6, each having a distinct function in
the overall operation of the tool:

1. The Banner frame contains the menu buttons with tool tips, and controls the transitions
between design (or modeling) and analysis operational modes.

2. The Comments frame contains user instructions and processing hints related to the current
state of the tool. Comment data are retrieved from a state table contained in a SQL Server
database using Active Server Page (ASP) technology and VBScript interfaces.

3. The Display frame contains a Java applet called “ModelBuilder” which provides the
graphical representation of the truss.

4. The Output frame is used to dynamically display the analysis and solution to the user.

5. Thelnput frameisused for all user data and analysis interactions.

When operating in the design mode, the student can use T-DAT to define the geometry of any 2-
dimensional truss structure, as well asthe materials, boundary conditions, and external loads. T-
DAT aso hasacollection of built-in models that can be used for classroom demonstrations or as
practice problems by students. It also allows each model to be modified in terms of joint
location, member connectivity, magnitude and location of external forces, and location and form
of supports. Hence, it is possible to modify a single problem into several different problemsin
order to see the effects of various parameters on support reactions and internal member forces.
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Fig. 6 A truss model developed using T-DAT
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The SUM of M, _, = (35 - X, )(-300) + (g - X )(-200) + (X4 - X, )(-300) + (X5 - X()Ry,, + (% - N |
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Then sum all of the forces in the X and the ¥ direction on the structure.
The SUMof F, =R, =0
The SUM of F,, = (-300) + (-200) + (-300) + (-150) + R, , + R, = 0
Using Substitution, the reaction forces are found to be:
R, =(0)
R, = (475)
R,., = (479)

' Calculate Reactions

€ Calculate Member Forces

Fig. 7 T-DAT showing the calculation of reaction forces
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Once the model is defined, the student initiates the steps necessary to perform the analysis. The
T-DAT analysis engine was designed with the purpose of helping students to solve truss
problems using the methods of analysis taught in both elementary and advanced coursesin solid
mechanics. After verifying the structure for stability, the student would proceed to calculate the
reaction forces at the supports. When the student clicks on the "Calculate Reactions" button in
the Input frame, T-DAT develops the solution for exhibit in the Output frame as shown in Fig. 7.

The applet is updated to show the free-body diagram of the whole truss including the reaction
forces.

In the Statics course, students are taught two different methods (i.e., Method of Joints, and
Method of Sections) by which the internal forces of atruss may be determined. In T-DAT, the
student can specify the solution to the problem based on either one of the two methods. In each
case, he or she can see exactly how the solution is formulated, and how the results are obtained.
Thisis perhaps the most notabl e feature that sets T-DAT apart from other truss analysistools that
simply provide the user with the final answers without demonstrating how those answers are
obtai ned.

Toillustrate this feature, the screen shot in Fig. 8 captures a step in the Method of Joints analysis
process. The student is asked to select ajoint for analysis. The applet then “zooms-in” on the
selected joint and updates the diagram with the internal member forces (represented by blue
arrows) while the Output frame shows the mathematical equations used to obtain the solution.

Truss Design & Analysis Tool Stute i Enter the joint number that
» mill . you would like to analyze.
@ @ @ The Method of Joints will be
" performed af the Joinf index
i 12 i specified.

o

L l

E F1=-5.94E2 Fz

1 FizmaaREe R Do you want to continue solving
for joints? If so, select a Joint
a475E2 number:
I Zoom Out |

Rs., = (475)
Solving for member forces af joint 1.
Sumn all of the forces in the X and the ¥ direction on joint 1.
The SUM of F.‘_)< = Fq((}(z r X'] )fr2_1) & F13((X8 - X1 )’r9.1) =0
The SUM of Fy.p.™ F (Yo - Yy ) + Fool(Yg - Yy)irg ) + (475) =0
Using Substifufion, the member forces about joint T are found fo be:
F, = (-583.7500)
F,, = (356.2500)

Fig. 8 T-DAT showing the truss analysis using the Method of Joints
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In the Method of Sections analysis process, the user is directed to select up to 3 membersto split
and cut the trussinto two distinct sections; the Model Builder displays the line of separation and
the section labels. The user isthen instructed to choose a section for analysis. Upon this
selection, the applet redraws only those joints and members included in the selected section as
shownin Fig. 9.

Truss Design & Analysis Tool

5%

Select the equations you
would like to use in the
Method of Section solution.

You must choose one equation

;l for each member thaf is cuf. Try
@’ 262 fo choose your equations based
g v on the unitnowns that will be
,_03 eliminated by their use.
I" x F2
% 3E2 57
[
b4
b, Choose 3 of the following equation
" E % options to be used in the Method
| of Sections solution:
T
1
B e 28 I Sum of Fx
b g |l ¥ SumofFy
4.75E2 -1.50E2 - .

AU ST T g gl ZI [~ Sum of Mz at Joint 2
The SUM of F4-v = F (Y5 - Yyhiry g) + (-593.7800)((Yg - Yy Mrsq) + (O0(Yg - Yy)rea) + ™ Sum of Mz at Joint 3
(-843.7300)((Y7 - Yy)r, ) + (-300) =0 ¥ Sum of Mz at Joint 7

[" Sum of Mz at Joint 8
Using Substitution, the merber forces about joint 4 are found fo be:
F, = (901.3878) Salve | Reset I Cancel |
Solving for the Member forces exposed at Section 1...
First, we must select a morent center. The candidate locations are:
Joint 2 (2 cut connections)
Joint 3 {1 cut connections) J
Joint 7 (2 cut connections) ~|

Fig. 9 T-DAT showing the truss analysis using the Method of Sections

The Method of Sections analysis engine then asks the student to select, among the list of options,
the appropriate set equations for use in the analysis. By trying different options, the student can
learn the most efficient way of analyzing this or other similar truss structures.

Therefore, by demonstrating to the students how the solution is formulated and how the results
are checked and validated, T-DAT can help to enhance their ability to work such problems on
their own without any outside help, which is our primary goal.

V1. Test-Y our-Knowledge Exercises

Testing has a significant role in education, and in the case of online education, assessment could
help to determine how well the student has understood the concepts in solid mechanics and how
well he or she can apply the methods of analysis to the solution of agiven problem. The test-
your-knowledge exercises in each module represent a collection of problems to which the
student must supply the answers. The questions range in degree of difficulty. In some exercises
the correct answers must be selected from a set of multiple choices while in others the student
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must first perform an analysis and then input the numerical value for the answer sought in the
problem.

Figure 10 shows a test-your-knowledge exercise in the Geometric Properties of Shapes module.
The response to the correct answer for the first question is shown followed by the sequence of
responses for the three unsuccessful attempts to answer the second question.

Exervize 6

& beam has the eross—=ectional shape shown below. The wall thickness is constant at 0.25 in. Ietermine its

. eentroidal coordinates [ %, 7] relative to the referencs axes showm,
. moments of inertis about the centroidal » and yaxes, I anﬂ.I?
. polar moment of inerda about the eentroidalz axis, T, 2 L

. product of inertia with respeck ko centraidal x and 1 axes, I:-:

o oa oo

oY

- —

Eound up your answers bo three deeimal places. ou can submit one answer ak a time by leaving the remaining
ansyrer fields blank or you can submit all answeers kogether.

T i ; _I—.4 _I—.4
¥x=|1.106 in ¥= |15 in Ixc— in I"'r-c_ in
JE=| int I"f_-‘ffl it

Good Job! Fou gok the vight answer for |

Zory! Vour answer Eor ¥ ix ineorrect. Keep in mind that in ¥ equation v, i the distance measured Erom the reference
x axis to the centroid of the i':]'l element. Also check ko be sure that the area wou are caleulating for each element is

eorret, You can ealiulate the centroidal location by dividing the compaozite area inko thres rectangular element=. Ty
again oF revdew the section on aentroid of avea.

Zony! Four answer Eor ¥ ix ineckreat. The total avea of the shape is 1.625 in®. I our bokal area i eomeat, then check

the terms involving v, . Trr again or peview the section on centroid of area .

Zony! Your answer Eor ¥ ix inecrrect. Here is how the centroidal location is caleulated. Review it caretully.

Fig. 10 A test-your-knowledge exercise in Geometric Properties of Shapes module
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The built-in response feature praises the student for finding the right answer, and—more
importantly—provides hints when the answer to a question iswrong. Although the system has
no restrictions in terms of the number of times the answer to a question is changed by the
student, it provides hints only up to the third unsuccessful attempt. The first hint, in response to
awrong answer, is usually general in nature and makes sure that the student is on the right track.
The second hint provides a more specific suggestion and may also give the numerical valuesto
certain items that must be calculated prior to finding the final answer. The third and final hint
includes a hyperlink to the solution sequence leading to the answer sought. When a problem
requires multiple answers, the student can provide one answer at atime or all together. When
the solution is shown to the student it involves only the question for which the student-supplied
answer iswrong. The hint system uses a set of predetermined responses to each question, and is
not based on artificial intelligence. The accuracy of each numerical answer isdetermined within
a set tolerance.

These exercises are not developed for the purpose of assigning a grade to an individual student;
rather they are created to provide students with self-evaluation tool s that may be used to improve
their problem solving skills prior to an actual test given by the course instructor.

Each exercise is made interactive with the use of DHTML and JavaScript programming
languages.

VII. Preliminary Assessment and Future Work

VLSM iscurrently being evaluated by students and instructorsin multiple sections of Staticsand
Mechanics of Materials courses at Mississippi State University. We plan to improve the quality
and efficiency of existing as well as future modul es based on the feedback we receive from our
constituency. The anecdotal information we have collected so far indicates that the design and
analysis tools and the test-your-knowledge exercises are the most liked and utilized features of
VLSM.

Despite our goal of developing a Web based tool that would not be platform specific, the current
technology has prevented us from achieving thisgoal. We are particularly disappointed by the
inability of Macintosh operating systems to interact with the Java applets in the design and
analysistoolsin VLSM. We hope this problem will be fixed in the soon-to-be-released Mac OS
10.

We are currently working on the development of the Torsion module. In addition, we are
working on the development of several interactive applets that simulate the physical response of
structural membersto applied loads. The remaining modules of VLSM are scheduled for
completion by summer of 2001.
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