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Abstract

Concrete, steel and wood are common building materials. In Civil Engineering, a strength of
materials course is usually mandatory at the sophomore or junior level. Students are taught the
basic characteristics of these materials and then conduct laboratory tests to measure these
characteristics, especially strength and deformation. This paper describes one module — a steel
module — of a suite of multimedia civil engineering materials courseware modules that used
modern communication technol ogies to educate undergraduate students anytime/ any place. A
virtual laboratory isincluded in the courseware that allows the student to conduct virtual
laboratory tests on steel in tension, in torsion and impact. A universal testing machine capable of
applying tension, compression and torque, and a Charpy V notch impact testing machine are
simulated. The courseware utilizes interactive animations, sound and graphics to enhance
learning and retention, and improving the connection between theory and experiment. The
modules are geared to active learning and include electronic quizzes for assessing short-term
knowledge retention. The virtual laboratory isintended to prepare students for the real test, to
supplement and complement the hands-on experience, to extend the range and convenience of
testing, to test a student's prior knowledge, to guide the student through the testing and to allow
the student to prepare and interpret the test results. Throughout the courseware, the student can
monitor her/his performance and seek on-line help.

Introduction

Building materials have always been important to living organisms. Humans have used a variety
of building materials for protection from natural forces and invaders, and for industrial and
cultural purposes. Concrete, steel and wood are common building materials. To use them safely
and efficiently to satisfy engineering needs require knowledge of their strength and deformation
properties. In Civil Engineering, the characteristics of these materials are taught in a strength of
materials course that is usually mandatory at the sophomore or junior level. Often students from
other engineering disciplines, e.g. mechanical engineering opt for this course. In addition to
conventional lectures, students normally conduct laboratory tests to measure engineering
properties of materials. For example, students will study the desired properties of concrete for
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various types of jobs, learn how to design amix to provide the desired properties and then
conduct laboratory tests to determine whether the desired properties have been achieved. The
strength of concrete increases markedly with time within the first 28 days. The desired strength
tests should be conducted at 7, 14 and 28 days but because of time constraints only 7 days test
are often determined. Rarely, do students get to explore “what-if” situations because of the
substantial time required to prepare a concrete mix, cure the concrete and test it.

The production of concrete and other building materialsis also important. In textbooks, aline
diagram of a production plant or an image may be shown. For laboratory testing, equipment and
laboratory space are required and the cost is often significant. For example, the cost of a
machine to test the strength of stedl is usually upwards of US$100,000. The question that arises
is“how can we enhance the teaching of strength of materials course and create an environment
for active learning at minimal expense?’ In this paper modern communication technologies are
used to address this question. The physical, chemical and mechanical characteristics of steel for
civil engineering purposes are used to illustrate how computer technologies can be used to
enhance the teaching of strength of materials.

Course Characteristics

The objectives of using modern communication technologies are to create a courseware with (a)
interactive animations that will teach students the fundamental properties of concrete, steel and
wood, and (b) virtual laboratoriesin which students will conduct virtual experiments that
integrate with the fundamentals. Theses virtual laboratories are interactive and replicate all the
procedures that a student would normally perform in areal laboratory setting but allow for
exploration, testing, evaluation and feedback. The virtual laboratory is intended to prepare
students for the real test, to supplement and complement the hands-on experience, to extend the
range and convenience of testing, to test a student's prior knowledge, to guide the student
through the testing and to allow the student to prepare and interpret the test results.

Some key features of the courseware [1,2] are asfollows.

0 Clear and consistent instructional design. Each topic has (1) an introduction with real world
connections wherever possible (2) alist of learning outcomes (3) key terms and definitions
(4) questions to guide learning (tied to learning outcomes) (5) presentation of the course
material (6) summary of essential points at convenient locations in the course material
Intuitive user interface

Interactive course material

Electronic quizzes for assessing learning outcomes and feedback to instructors

Digital videos of manufacturing process

An electronic notepad for students to record notes, change and retrieve them at any time
during a study session

o Virtual laboratories

o 0O O0OO0Oo

[llustrative Example
User Interface: The user can access any one of the three course modules and then choose from a
number of topics related to that module (Figure 1).
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. YIRTUAL STEEL - Main Page el
o alculator| Hotation | Hotepad | Find | Score |Help 0

WHAT IS STEELT >
HISTORY

TYPES OF STEEL
MAMNIFACTURE
PHASE CHAMGES
HEAT TREATRMEMT
STRESS-STRAIN
EXAMPLES OF LISE
WIRTUIAL LA
QUIE

Figure 1 User access page
She/he can then proceed to learn about the selected topic asillustrated in Figure 2 for the topic
‘TYPES OF STEEL'.
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Intro

TYPES OF STEEL
. |Calculator| Hotation | Hotepad | Find | Score|Help |

Steel used in civil engineering construction is classed into two groups,

1. Structural steel - pipes, plates, bars and various structural shapes
Steel such as I and T sections.

2. Reinforcing steel (rebars) - circular gross section with plain or ribbed
AT I ol < face (deformed rebars),

Mild Steel
The rost popular type of steel used in civil engineering is mild
steel, Mild steel is

m an iron allay with a low carbon content- about 0,3%.,
ralleable and ductile

used predominantly in making nuts, bolts, screws, tubes,
qirders,

Mild steel can be identified by

Appearance: Bright drawn mild steel has a smoaoth, bright
surface. Black mild steel is covered with a blue-grey oxide

Dropping: Gives out a ringing note

Grinding: Gives off a shower of long white sparks
L \

Mild steel girders in bridge

construction

0:10

Figure 2 Learning about types of steel
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Interactive Content: Wherever advantageous for learning, the content is created within an

interactive environment. For example, the topic “PHASE CHANGES’ (Figure 3) allowsthe
user to explore each phase of steel by clicking on a phase and getting the desired information
(Figure 4) while the base material is still available as areference.
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PHASE CHANGES
|Calculator | Hotation | Hotepad | Find | Score|Help |

| Ghuit |

Lntro The atomic structure of steel varies with ternperature, This fact enables engineers to design and
specify properties of steel according to the intended design purposes, Adding alloys, such as
Steel carbon, to iron to make steel increases its hardness and strength. Howewver, the percentage of
carbon and the temperature at which pure iron is heated results in different types of atomic
Timber structures that affect the properties of steel. The amount of carbon that can be dissolved in iron
depends on the arrangernent of atoms in the crystal lattice. The best way to illustrate this is a
1600

Pure iron
melts at
1400 4 Liguid +
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o byt Ty
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00
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400 Pearllte!cn -q Iamed | Peal lite: firre=
0 1 2 3 4 5
Carbon Content (9%
Click on each link (blue, underlined text) to get more information on the main phases,
1271901

Figure 3 Learning about phase changes.
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Figure 4 Accessing information at content level
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Virtual laboratory: Each module (concrete, steel and wood) has a virtual laboratory with
simulated three-dimensional apparatus with functional gauges and other instrumentation. Each
student has his or her own virtual apparatus and his or her own test sample. A student can
assemble the apparatus, prepare a test sample, place the sample in the apparatus, add loads,
witness the deformation of the sample and extract properties from the test results. A virtuad
universal testing machine capable of applying tension, compression and torque to a steel or wood
sample is shown in Figure 5. The user is prompted to identify key parts of hisher virtual

apparatus to gain familiarity with them for later use.
Copwright (2] 2001, Muni Budhu
APPARATUS -2

% |Calculator| Hotation | Hotepad | Find | Score|Help | | Ghusit |
Intro DESCRIPTION VIRTUAL UMIVERSAL TESTING MACHINE
The Universal Testing machine is a versatile device that can test

Steel . . . .
rnaterials such as steel and wood in tension, compression, shear

Timber and torque. This machine consists of a moveable head, a fixed
base and a servo-hydraulic loading system. The head and base
Concrete . . .
contains jaws (wedges) to grip the material, Most of these
rmachines are carmputer controlled, Manofacturers of Universal
Testing Machines usually have data acquisition software in their
systerns to autornate the testing and extraction of desired

rmaterial pararmeters,

TOP 1AWz

vou should identify the following parts for your Yirkoal Onrversal
Testing Machine,

. HEAD

. TOP SET OF JAaws AL

. BASE
. BOTTOM SET OF JAWS m
. MOTOR CONTROL (ON, OFF SWITCH) :TT:W
. Jaw LEVER
. DISPLAY UMITS

Mowve the mouse over vwarious parts of the apparatus to identify the main components, When yvou
are done, you can move your mouse over the YWirtual Lab on the side bar to proceed.

0:01
Figure 5 Identifying key parts of a universal testing machine

He/she is then prompted to select a test specimen and place it within the jaws of the apparatus
(Figure 6). The user then sets up the apparatus, click on a switch to start the motor and observe
the stress-strain relationship and the deformation characteristic of the materia asillustrated for a
tension test on a steel bar in Figure 7. The stress-strain relationship is obtained from curve fitting
real test data and using the resulting mathematical relationship to establish the curve shown in
Figure 7. A perturbation function is used to vary the mathematical relationship so that each
student would have a different result.
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CONDUCT TEST
|calculator|Hotation | Hotepad | Find | Score [Help |

Intro
Steel =m0
Timber 430 -
Concrete 400
move test
250 | specimen here
m
o
= 300
|
mo2so
i
e
{n zoo
150 + Test specimen
i00
50
1 1 1 1
u] 45 a0 135 120 225
strain x 1073
Hey! Do the following
Draq the the test specimen to the center of the machine jaws,

Figure 6 Dragging atest specimen within the jaws of a universal testing machine
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CONDUCT TEST
|caleulator| Hotation | Hotepad | Find | Score [Help | .

Concrete 400

200

250

Stress-MPa

150

=1 N

1 1 1
0 45 ET) 135 180 225
strain x 1077

Hey! Do the following

Click OFF to switch off motar.,

0:19

Figure 7 Stress-strain relationship and failure of amild steel rod
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The user is guided to extract the desired properties of the materia such as, in the case illustrated,
the ultimate, breaking and yield stresses. Using the yield stress and the strain at which yielding
occurs, the user is prompted to calculate the Y oung's modulus of elasticity (Figure 8). The user
answer is checked and if correct, he/she proceeds to explore the stress-strain characteristics other
types of steel products. If the answer iswrong, the user has two more attempts before the correct
solution is displayed.
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P CONDUCT TEST
%  |Caleulator | Hotation | Hotepad | Find | Score |Help | o

Intro

Steel
Timber

Concrete

Stress-MPa

. L . .
u] = 10 15 20
strain x 1077

, L 1 1
45 o0 125 120 225
strain = 1077

Hey! Do the following

h the coordinate of the yield point you extracted in the previous step, calculate and enter
woung's moduls in the text box abave.

12/19/01

Figure 8 Calculation of Y oung' s modulus of elasticity.
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Quiz
|Caleulator| Hotation | Hotepad | Find | Score |[Help |

Intro ) =
Score Question 1 of 7 Restart Quiz Close

Steel

Timber What are the input materials for making steel?

Concrete

u Manganese, iron ore, imestone

E Pig iron, coke, limestone

Pig iron, carbon and other alloys

12/19/01

Figure 9 Quiz to test short-term knowledge retention
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Short-term knowledge retention is evaluated using aquiz (Figure 9).
Potential Benefits

The potential benefits of the three modules are:
1. Enhancing understanding, knowledge retention and transfer of learning using visualization
technigues
Active learning using interaction
Continuous testing of learning outcomes
Providing continuous feedback
Providing self-paced instructions
Providing feedback to the instructor on concepts that are not well understood so that remedial actions
can be taken
Integrating basic concepts with virtual laboratories
These virtual laboratories have the potential to
» better prepare students for the real tests
» test skillsand knowledge that are not currently tested
» enhance learning about laboratory procedures, interpreting of test results and applying the
results to practical situations
e extend the range of testing
e alow for exploration and address “what-if” situations
o adleviate shortages of equipment, lack of equipment and inadequate space at some
institutions
» enhance the connection among theory, experiment and application
* meet the needs of students in remote areas where experimental facilities may be absent or
thereis alack thereof
* provide instructors with atool to demonstrate in class the procedures of |aboratory tests and
interpretation of the results
« allow easy accessibility for some students with certain physical disability
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