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Software for Materials Evaluation 
 
Abstract 
 
Multi-disciplinary team projects are an important element in the ABET accreditation of 
engineering programs. The basic manufacturing processes course in the Industrial Engineering 
Program at West Virginia University is one of the courses used to meet the multi-disciplinary 
team requirement with teams of industrial engineering, mechanical engineering, and other 
engineering disciplines working on a design project with strength and deflection requirements 
considering different materials and shapes. A software program was developed to assist the 
students to determine the costs involved in selecting a material and shape to meet specific load 
and deflection requirements. This software utilized Microsoft Excel® and Visual Basic® 
Macro’s for performing the calculations to determine the product costs. 
 
Introduction 
 
The basic manufacturing processes course, taken in the junior year, was selected as one of two 
courses with multi-disciplinary student team projects to meet this element of the ABET 
accreditation. The course is required in the Industrial Engineering program, the Mechanical 
Engineering program, and the Aerospace Engineering and Mechanical Engineering dual major 
program, and over 50 percent of the students are non-industrial engineers. The lecture course is 
only two credits, so only a few class periods can be devoted to the project. The teams require that 
at least two different majors are represented on each team when formed, and the team size 
typically varies from two to five students.  
 
The project starts with a design problem, such as the support beams for a cantilever deck, the 
rungs for a ladder or a footbridge across a small stream. The problem has a load requirement, 
either as a single load (center or end load) or as a uniform load, a deflection requirement, and 
weight requirement to avoid penalty costs. The students are to evaluate different structure 
shapes, such as a square, rectangle, circle, hollow box, hollow circle, I-beam, and etc. to 
minimize the overall cost (material cost + processing cost + penalty cost). In addition, the 
students evaluate 10 different materials provided in the program and they must select and insert 
an additional material for evaluation. The program determines a design parameter based upon the 
student inputs and calculates the cross-sectional area, volume, material cost, penalty cost, 
processing cost, and total cost. 
 
The calculations are demonstrated manually in the class with notes to show the students how the 
analysis is performed for two materials on a simple square shape and the process is illustrated in 
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the course textbook1. The purpose is to illustrate that when two different materials are involved 
with two or more constraints, the binding constraint can change because different materials have 
different mechanical and material properties. The two materials used to illustrate this are steel 
and aluminum, and steel structures tend to be constrained by the load (yield strength) whereas 
the aluminum structures tend to be constrained by the deflection (elastic modulus) requirement. 
 
The course prerequisites are that the students have had courses on the strength of materials and 
on basic material properties. The strength of materials is necessary as the students must know 
how the moments of inertia and centroids are calculated. The material properties course is 
required so the students can find the required material properties of melting point, density, 
modulus of elasticity, yield strength and cost. The students have often had different instructors 
and thus are familiar with different units i.e. the US units or the metric units. 
 
Initially, when only 3 or 4 shapes were required, the students developed their own spreadsheet or 
other software program. At that time, no penalty costs or processing costs were included. 
Although the students had exposure to Excel, most of their projects had serious programming 
errors and the results obtained by their programs were usually incorrect. Students also had 
difficult in developing expressions for the moments of inertia and centroids, especially for 
complex shapes such as I-Beams, hollow boxes or hollow circle structures. It was expected that 
the Mechanical Engineering (ME) students would be good at determining the moments of inertia 
and centroids and that the Industrial Engineering (IE) students would be good at finding cost 
information on materials, and both students would be able to do the basic programming required, 
but this did not occur. Without correct formulae, data, and programming, the results were not 
useful in enlightening the students about the impact of mechanical properties, material properties 
and design requirements upon the total costs of producing parts. Thus it was decided to develop a 
user-friendly software2,3 to perform the majority of the calculations so the students would be able 
to obtain realistic results and observe the impact of various parameters upon total costs. 
 
One requirement of the software was to permit the students to add additional materials and 
shapes to the program for evaluation. The addition of materials to the database was relatively 
easy, but the addition of additional shapes was more difficult as numerous potential shapes could 
be considered by the user. Therefore, a generic model was required to accommodate all the 
shapes that students may consider. This feature was incorporated into the model by allowing the 
user to input all the equations required for the shape in terms of one variable.  
 
The program was designed in Microsoft Excel® since it was readily available to all the students 
and is used in most companies. It has seven screens that include Welcome, Input, Material 
Database, Calculations, Results table, Cost graph, and Weight graph. The calculation sheet is not 
visible to the user but can be explored by un-hiding the sheet using the Excel® toolbar. By 
default, only one screen is visible at a time and the program automatically hides/un-hides the 
sheets based on the user requirements. The calculations are performed using inbuilt Excel® 
functions through Visual Basic® Macros. For simplicity, the Macros are built into single click 
buttons and most of the screens are protected so that the user does not overwrite the formulae 
written in the fields. An instruction manual was required to make sure that the students 
understand the process of equation input and be able to use the software effectively. The flow 
diagram for the materials evaluation software program is given in Figure 1. 
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Figure 1: Flow Chart of Material Evaluation Program 

Specify the shape parameters (if necessary) 
A. Height         B. Width 
C. Diameter       D. Thickness(es) 

 

Shape Parameter Selection Module 

Shape Selection Module 

Select the type of loading (and input the 
value) from the following list: 

A. Single point load 

• Center load 

• End load 
B. Uniform load 

 

Load Selection Module 

Select the type of support(s) on the ends 
from the following: 

A. Simply supported ends 
B. Fixed ends 
C. Cantilever support 

Support Selection Module 

The results module includes: 
A. Design parameter value (strength based) 
B. Design parameter value (stiffness  based) 
C. Selected design parameter 
D. Weight of the chosen material 
E. Materials cost, Penalty cost, Processing 

cost, Total cost 
F. Graphical display of results 

Results Module 

This module has the values for the 
following parameters: 

A. Young’s modulus 
B. Yield strength 
C. Density  
D. Melting point 
E. Cost per unit weight 

Materials Database Module 

Input the values for design load, maximum 
deflection, beam length, penalty cost etc. 

Input Module 

Unit Selection Module 
US/Metric 

Computer model 
analysis 

Analysis Module 
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User Interface 

Select the cross-sectional 
shape from the following: 
A. Square     
B. Rectangular 
C. Circular 
D. I-beam 
E. Hollow-box beam   
F. Equilateral triangle 

 

Input the 
moment of 

inertia, 
centroid, area, 
and perimeter 
equations for 
the new shape 
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Program Procedure 
 
The steps to work with the software are as follows. 
 
1. The software starts with the selection of units (metric or US) since some of the students may 

be comfortable with the US units while others prefer metric units. The user can go to the 
material database section after the first step if needed. 

2. The next step defines the load profile (single point center load, single point end load, or 
uniform load) followed by the structure support (simply supported, fixed ends, or cantilever 
support).  

3. This step is the major improvement over the previous version of this software. In the initial 
version, the user had to choose one of the shapes already defined in the software; but this 
version allows the user to analyze new shapes that are not built into the system. This feature 
is incorporated by providing an interface where the user can input the equations for the new 
shape in terms of a single variable. An example will be provided later on how to input the 
equations for a shape not defined in the system. 

4. Next, the user is required to input the parameters required to get the solution. This module is 
based on the Shape Selection Module. As an example, for square shapes, there is only one 
variable that is unknown; therefore, no parameters are required to find the solution. On the 
other hand, for rectangular shapes, the length and width are unknown variables; therefore at 
least one of them or their ratio is needed to define the equations in terms of a single variable. 
The program displays the list of required parameters based on the cross-sectional shape 
selected in the last step. 

5. The Input Module defines the operating characteristics of the problems i.e. design load, 
maximum deflection etc. 

6. Finally, the user is required to define the processing characteristics of the material (heat 
treatment, cold working, and hollow internal section). 

7. The program analyzes the materials sequentially (currently there are 12 materials in the 
database and 88 more can be added by the user) and finds the design parameter that satisfies 
both the constraints (strength and deflection). It displays the results in terms of table and 
graphs (cost and weight). 

 
Software Requirements to Use Program 
 
The program requires Microsoft Excel®. Before the user starts the programs, the macro security 
level should be reduced to medium or low; otherwise the software may not perform well. This 
can be done by opening Excel® program and going to Tools-Macro-Security or Tools-Options-
Security-Macro Security and setting the level to medium or low. The program size is 
approximately 235 KB but it is recommended that 5 MB or more space be available on the hard 
drive to execute the program. 
 
Example Problem 
 
An example calculation will be performed in this section. The input values for the problem are 
given in Table 1. The beam has single point center load and is simply supported. The design load 
is estimated as 400 lbs and the cross-sectional shape is a square. There is no heat treatment or 
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cold working performed on the material under consideration and no hollow sections are present 
is the design. 

 
Table 1: Example Problem Input Parameters 

 
Value Parameter Units 

0.2 Maximum deflection inches 

16 Beam length inches 

0.6000 Maximum weight without penalty lbs 

$0.50 Penalty per pound over maximum limit $ 

 
After all the input sections are complete, the user clicks on “Analyze the Materials” button and 
the results are displayed in tabular format (Table 2). It may be noted that the database had 12 
materials and there were two user defined material which have been shown in the table as well. 
The results can be displayed in terms of cost (Figure 2) and weight (Figure 3) graphs by using 
the buttons in the results table screen. 

 
Table 2: Results for the Example Problem 

 

 
 

Software Evaluation Results 
 
To evaluate the benefits from the proposed software program, students were asked to complete 
an anonymous survey with questions such as whether or not the software was better than their 
own program to complete the project and understand the concepts, and whether or not it should 
be given to the students in the future semesters.  The results from this evaluation were promising 
with a score of 4.47 and 4.24 respectively (with “1” as worst and “5” as best) for these questions 
and the same was reflected in the quality of reports submitted by the students.  It was noted that 
even the weak students in the class had minimal mistakes in the solution which supports the 
underlying concept behind the development of this software. 
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Cost Analysis of Materials
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Figure 2: Material Cost Components 
 

Weight Analysis of Materials
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Figure 3: Weight of Materials 
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Problems and limitations 
 
One problem with the software is that the students do not take time to seriously evaluate the 
results. For example, to reduce costs it is desired to have a high moment of inertia for a given 
cross-section, but student do not examine their results. They will use a flat rectangular section 
(small height and large width) rather than a high modulus section (large height and small width). 
Students need to sketch the results to make certain they have used the correct inputs, but often do 
not and come up with silly looking structure, such as I-beams with flange widths smaller than the 
flange thickness. They conclude that the results are correct since the program made the 
calculations, but do not realize that “garbage in” results in “garbage out”. 
 
A second problem with the software is that it uses the “Goal Seek” routine in Microsoft Excel® 
and requires a starting parameter. This is required for matching the calculated yield strength and 
deflection values to the user defined values and this starting parameter may need to be revised 
for different shapes. This parameter must be changed by the user to a different level in the input 
sheet if the program yields absurd values for the design parameter (e.g. very high/low value or 
negative). Usually, a value between 0.1 and 1.0 (e.g. 0.1, 0.5, or 0.9) yields the correct results 
and it can be changed easily by changing this value in the input sheet, but when students delay 
the project to the last minute, this can cause them to panic. 
 
Another problem is that the project teams are formed at the beginning of the semester with 3-5 
students per team and the teams must have students from at least two different majors.  As the 
semester proceeds, some students drop the course and thus some of the teams no longer are 
“interdisciplinary” as a result of the reduction in the team membership. 
 
 
Educational Aspects 
 
The initial hypothesis was that students would benefit with the use of the software by focusing 
on the solution to the problem rather than focusing on the development and testing of the 
software.  The students have 8-10 weeks, but they do not schedule their time wisely.  Prior to the 
development of the software, few of the teams would have “correct” solutions because of 
programming errors.  Although a problem example was presented to the students which was 
solved via paper, students would not verify their programs for the additional shapes.  After the 
software development, students would obtain correct solutions to most of the shapes desired.  
The software also permitted consideration of different types of loading (center, end, or uniform 
loading) and different types of supports (simple supported, fixed or cantilever).  It was observed 
that all the students understood the underlying concepts and obtained better solutions with 
minimal mistakes in the projects.  In fact, the weak students in the class could also do much 
better as similar students in the previous semesters. 
 
The software would be available at little or no cost ($5 -$20) versus the commercial packages at 
much higher cost ($500-1,000).  This software is for an introduction to the integration of costs, 
materials and mechanical properties and takes only one week to implement whereas the 
commercial software will take several weeks to implement.  Although the commercial software 
offers many additional properties and design capabilities, it does not give a simple basic cost 
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comparison of the alternative materials for the selected shape.  The commercial software is 
designed for more sophisticated design considerations and the selection of materials and would 
be utilized in design courses rather than the emphasis upon costs. 
 
Conclusions 
 
The program was used in the undergraduate and graduate classes in the IMSE Department at the 
University. It was well received by all the students and was evident by the review form given to 
them. It may be noted that this program was first developed in the Spring 2005 semester; and 
addition of a new shape was the major concern among all the students. Most of the students were 
not able to modify the program and add new shape, which was one of the requirements in their 
project. The proposed version of the software enabled the students add custom new shapes 
quickly and thus giving them more time to do the analysis and understand the concepts better. 
All the students recommended that this software should be given to the future students in these 
classes. 
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Appendix 
 
Instruction manual 
 
0. Password for Model is FARFAR  
1. Click on the “Click to Start The Program” part of the Welcome Screen 
2. Select the unit (US or metric) to be used. 
 

 
 

Figure 4: Unit Selection in the Program 
 

3.   Input the values for all four design parameters (Maximum deflection, beam length, maximum 
weight without penalty and penalty per unit weight over the maximum weight limit). 
 

 
 

Figure 5: Input Module of the Program 
 
4. Review the material database for different properties of materials. The user can enter the 

information for new materials and the model is able to accommodate upto total of 100 
materials in the database for the analysis. Please note that this database can be accessed 
directly by the user before starting the procedure. The original database has 12 materials 
which cannot be edited at this time (it may be edited but will be explained in the later 
section). 

 
 

 
 
 

Figure 6: Material Database Options 
 

It may be noted that the default database is automatically changed from the US to metric 
units and vice-versa. In case the user has the new values in one unit and wants the analysis in 
other unit, the conversion can be done by clicking one of the buttons “Metric to US” and “US 
to Metric”. 

To review (edit) 

To start fresh 
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Figure 7: Unit Conversion Feature in the Material Database 
 

5. Select the load profile. The load profiles included in the model are as follows: 
 

A. Single point load 

• Center load 

• End load 
B. Uniform load 

 

 
 

Figure 8: Load Selection Module 
 
6. Select the type of support acting on the structure and the design load. The types of supports 

considered in the model are as follows: 
 

A. Simply supported ends 
B. Fixed ends 
C. Cantilever support 
 

 
 

Figure 9: Support Selection Module 
 
 

 
 

Figure 10: Design Load Input 
 
7. Select the cross-sectional shape from the ones included in the model: 
 

A. Square 
B. Rectangular 
C. Circular 
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D. I-beam 
E. Hollow-box beam 
F. Equilateral triangle 
G. NEW  
 

 
 

Figure 11: Shape Selection Module 
 
The steps to perform for adding a new shape is as follows. Let us say, the user needs to add 
“xyz” shape to the current model. The user can change the name “NEW” (as shown in the Figure 
12) to xyz (as shown in Figure 13) or leave it as it is. 
 

 
 

Figure 12: Original Name for NEW Shape 
 

 
 

Figure 13:  “xyz” is Modified Name for New Shape 
 
Currently, the default equations for this new shape are the ones for square. They can be changed 
to the appropriate equation for the new shape of interest. After the user clicks “Review equation 
for this shape” button, the following screen (Figure 14) is displayed: 
 P
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Figure 14: Review Equation Screen 
 
The cells in color have equations for the moment of inertia, centroid, area and perimeter. For 
example, the highlighted cell with the ellipse has an equation for moment of inertia for a square 
cross-section. The equation in the cell D24 (Figure 15) is written as “=dm^4/12”. Note that the 
variable name in this cell is “dm” as pointed at the end of the row. Similarly, the equation for 
centroid is “=dm/2”, the moment of inertia in second row is “=d^4/12”, area in last row as 
“=md^2” and finally the perimeter in the last highlighted cell in last row is “=4*md”. In case the 
user wants to change the equation, it can be done here in the respective cells. 
 

 
 

Figure 15: Equation in the Cells 
 
Similarly, if the user wants to start fresh i.e. all these cells will be empty to prevent confusion, it 
can be done by clicking the “Enter equation for this shape” button in the input sheet. It will 
take the user to the same sheet in Figure 15 but with no equations in it (Figure 16). Any equation 
with any power or type can be written in the cells. The only constraint for the equations is that 
they should be in terms of a single variable; and finally the variables should be named as pointed 
out in respective rows (“dm” for first row, “”d” for second row, and “md” for the last row). 
 

 
 

Figure 16: Screen to Enter Formulae in the Cells 
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As an example, if the shape is a rectangle which has the equation for moment of inertia as bh3/12 
and the height to width ratio is (assumed or given) 1.5 (i.e. h/b = 1.5 or h = 1.5*b), the equation 
for moment of inertia is given as: 
 

I     = bh3/12 
= b*(1.5*b)3/12 
= 1.53*b4/12 
 

Therefore, the user can write the first equation in column D (Figure 17) as “=1.5^3*dm^4/12”. 
Note that the term “b” (as shown in the equation derived for moment of inertia) has been 
replaced with “dm” since the first cell should have the variable as “dm” (as indicated in this row 
and column F). 
 

 
 

Figure 17: Screen with New Formulae in the Cells 
 
The user should be careful while entering the equations to make sure that right equations are 
entered in appropriate places. Some of the common mistakes may be as follows: 
 

1. The uses forgot to write “=” sign in front of the equations. 
2. Use of generic symbols such as “b”, “l” etc. rather than ones required in the equations i.e. 

“dm”, “d” or “md”. 
3. The user forgot to input the equations in the last row. 
4. Once the user is done with this input and hits the “enter” key, the cell value is “0” or 

“#NAME?”. This results from incorrect input of the variable symbols such as “dn” in 
place of “dm” or “s” in place of “d” etc. 

5. The user refers back to cell in previous column for moment of intertia 
 

Once entering/modifying these equations is completed, click the “Go Back to Input Sheet” 
button to get back to the input sheet to continue with the analysis. 
 
8. The user will be asked to input values for required parameters (Figure 18) based on the shape 

selected in Step 7. The required parameters may be one or more from the following list: 
 

A. None 
B. Height 
C. Width 
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D. Height/width ratio 
E. Diameter 
F. Thickness(es) 

 

 
 

Figure 18: Shape Parameter Input Module 
 
9. Input the information on the material processing such as required heat treatment etc. (Figure 

19). 
 

 
 

Figure 19: Material Processing Questions 
 
10. Click the “Analyze the Materials” button on top of the sheet (Figure 20). 
 

 
 

Figure 20: Analyzing the Materials 
 
11. Finally, the model will display the results in tabular format and options to see the graphical 

format (Figure 21) with the best material highlighted with respect to each criterion (Material 
cost, weight, penalty cost and total cost of the material selected). 

 

 
 

Figure 21: Results Screen 
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Note: all the calculations are done in “sheet 2” which can be accessed/modified through the 
following steps: 
 
1. Click on “format” in the toolbar on top in Microsoft excel®. 
2. Choose “sheets” and then “unhide” from the selection (Figure 22). 

 

 
 

Figure 22: Unhide a Sheet in Microsoft Excel® 
 

3. Select “sheet 2” to unhide (Figure 23) and click “OK”. 
 

 
 

Figure 23: Selecting a Sheet to Unhide 
 

4. The first table (Figure 24) titled “Moment” contains the formulae for moment equations for 
all the combinations of load and support types, the second table (Figure 25) contains the 
equations for moment of inertia and centroids for different shapes to be used in moment 
equations. 
 

 
 

Figure 24: Table for Moment Equations 
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Figure 25: Table for Moment of Inertia and Centroid Values 
 

5. Similarly, the next table titled “Max deflection” contains the formulae for maximum 
deflection with different load and support combinations followed by the table for moment of 
inertia to be used in these equations. 

6. Other tables on this sheet are automatically evaluated and can be verified by the user by 
going to that cell and following the formulae in terms of cell references or variables. 

7. After all the modification are done in this, go back to “format/sheets/hide” (Figure 26). 
 

 
 

Figure 26: Hide a Sheet in Microsoft Excel® 
 

Another point to keep in mind is that some of the sheets e.g. “result sheet” are protected. 
Therefore the user cannot modify the cell content in the protected cells. In case the user wants to 
see the formula or modify the sheet, s(he) can go to toolbar and follow 
“Tools/protection/unprotect sheet” (Figure 27). Once the user is finished modifying the 
values/formulae, s(he) can follow the same path with “protect sheet” option (Figure 28) and 
clicking “OK” in the popup screen (Figure 29). 
 

 
 

Figure 27: Unprotect a Sheet in Microsoft Excel® 
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Figure 28: Protect a Sheet in Microsoft Excel® 
 

 
 

Figure 29: Options to Protect a Sheet in Microsoft Excel® 
 

End of Instructions 
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