MET 494
Final Report

Crystal Boyd
Ethan Black
Nathaniel Kipfer
Michael Grover

IPFW Mechanical
Engineering Technology
Senior Design Class Spring
2015

Shear Strength Testing Fixture
4/27/15

TABLE OF CONTENTS
Executive Summary ....................................................................................................................................... 1
Design........................................................................................................................................................ 1
Development............................................................................................................................................. 1
Utilization .................................................................................................................................................. 1
Introduction .................................................................................................................................................. 2
Key Concepts ................................................................................................................................................. 2
Strength of Materials ................................................................................................................................ 2
What is Shear Strength? ....................................................................................................................... 2
Figure 1: Single Shear ........................................................................................................................................3
Figure 2: Double Shear ......................................................................................................................................3

What is Tensile Strength? ..................................................................................................................... 3
Figure 3, Elastic Tensile Stress ...........................................................................................................................3
Figure 4, Plastic Tensile Stress ...........................................................................................................................4
Figure 5, Fracture from Tensile Stress ...............................................................................................................4

How Are Tensile Tests Performed? ....................................................................................................... 4
Figure 6, Tensile Testing ....................................................................................................................................4

The Current Situation .................................................................................................................................... 5
Designing The Shear Strength Testing Fixture .............................................................................................. 5
The Design Concept .................................................................................................................................. 5
Figure 7, Shear Testing ......................................................................................................................................6
Figure 8, Shear Load on the Specimen ..............................................................................................................6

The Design Specifications.......................................................................................................................... 7
Materials ............................................................................................................................................... 7
Table 1, Data of Pre-Machined Fixture Material ...............................................................................................8

Dimensions............................................................................................................................................ 8
Calculations ........................................................................................................................................... 9
Testing the Shear Strength Fixture ............................................................................................................... 9
Post-Testing Calculations .......................................................................................................................... 9
Steel Estimation .................................................................................................................................. 10
Yield Strength Estimation Method ..................................................................................................................10
Ultimate Tensile Strength Method ..................................................................................................................10

Aluminum Estimation ......................................................................................................................... 10
Yield Strength Estimation Method ..................................................................................................................10
Ultimate Tensile Strength Method ..................................................................................................................10

Brass Estimation .................................................................................................................................. 10
Yield Strength Estimation Method ..................................................................................................................11
Ultimate Tensile Strength Method ..................................................................................................................11

Conclusion of the Testing Results ........................................................................................................... 11
Schedules and Budgets ............................................................................................................................... 11
Schedules ................................................................................................................................................ 11
Table 2, Gantt Chart ............................................................................................................................ 12
Budget ..................................................................................................................................................... 12
Table 3, Cost Analysis .......................................................................................................................... 13
Figure 9, Cost Analysis ........................................................................................................................ 13
Conclusion ................................................................................................................................................... 14
Works Cited ................................................................................................................................................. 14
Appendix A: Final Specification Figures ...................................................................................................... 15
Figure A-1, Top Component of Fixture ................................................................................................... 15
Figure A-2, Bottom Component of Fixture ............................................................................................. 16
Figure A-3, Shear Specimen .................................................................................................................... 17
Figure A-4, Collar ..................................................................................................................................... 18
Figure A-5, Fixture and All Components Assembled............................................................................... 19
Appendix B: Design Calculations and Data ................................................................................................. 20
Equation B-1, Shear Failure ..................................................................................................................... 20
Equation B-2, Bearing Failure ................................................................................................................. 20
Equation B-3, Gross Tensile Failure ........................................................................................................ 21
Equation B-4, Minimum Length of Thread Engagement ........................................................................ 21
Equation B-5, Tensile Failure at Minor Thread Diameter ....................................................................... 22
Equation B-6, Design Factor of Safety..................................................................................................... 22
Table 1, Design Failure Calculation Results......................................................................................... 22
Appendix C: FEA of the Aluminum Shear Specimen ................................................................................... 23
Introduction ............................................................................................................................................ 23
Model Information .................................................................................................................................. 23

Study Properties...................................................................................................................................... 24
Units .................................................................................................................................................... 24
Material Properties ................................................................................................................................. 25
Fixtures................................................................................................................................................ 25
Loads ................................................................................................................................................... 25
Mesh Information ................................................................................................................................... 26
Mesh Details ....................................................................................................................................... 26
Resultant Forces...................................................................................................................................... 27
Reaction Forces ................................................................................................................................... 27
Reaction Moments .............................................................................................................................. 27
Study Results ........................................................................................................................................... 27
Stress ................................................................................................................................................... 27
Displacement ...................................................................................................................................... 28
Strain ................................................................................................................................................... 29
Conclusion ............................................................................................................................................... 29
Appendix D: FEA of Brass Shear Specimen ................................................................................................. 30
Introduction ............................................................................................................................................ 30
Model Information .................................................................................................................................. 30
Study Properties...................................................................................................................................... 31
Units .................................................................................................................................................. 31
Material Properties ................................................................................................................................. 31
Fixtures ............................................................................................................................................. 32
Loads ................................................................................................................................................. 32
Mesh Information ................................................................................................................................... 32
Mesh Details .................................................................................................................................... 33
Resultant Forces...................................................................................................................................... 33
Reaction Forces ............................................................................................................................... 33
Reaction Moments .......................................................................................................................... 33
Study Results ........................................................................................................................................... 34
Stress ................................................................................................................................................. 34
Displacement ................................................................................................................................... 35
Strain ................................................................................................................................................. 36

Conclusion ............................................................................................................................................... 36
Appendix E: FEA of A36 Steel Shear Specimen ........................................................................................... 37
Introduction ............................................................................................................................................ 37
Model Information .................................................................................................................................. 37
Study Properties...................................................................................................................................... 38
Units .................................................................................................................................................. 38
Material Properties ................................................................................................................................. 38
Fixtures ............................................................................................................................................. 39
Loads ................................................................................................................................................. 39
Mesh Information ................................................................................................................................... 39
Mesh Details .................................................................................................................................... 40
Resultant Forces...................................................................................................................................... 40
Reaction Forces ............................................................................................................................... 40
Reaction Moments .......................................................................................................................... 40
Study Results ........................................................................................................................................... 41
Stress ................................................................................................................................................. 41
Displacement ................................................................................................................................... 42
Strain ................................................................................................................................................. 43
Conclusion ............................................................................................................................................... 43
Appendix F: FEA of Shear Fixture Bottom ................................................................................................... 44
Introduction ............................................................................................................................................ 44
Model Information .................................................................................................................................. 44
Study Properties...................................................................................................................................... 45
Units .................................................................................................................................................... 45
Material Properties ................................................................................................................................. 45
Fixtures................................................................................................................................................ 46
Loads ................................................................................................................................................... 46
Mesh Information ................................................................................................................................... 46
Mesh Details ....................................................................................................................................... 47
Resultant Forces...................................................................................................................................... 47
Reaction Forces ................................................................................................................................... 47
Reaction Moments .............................................................................................................................. 47

Study Results ........................................................................................................................................... 48
Stress ................................................................................................................................................... 48
Displacement ...................................................................................................................................... 49
Strain ................................................................................................................................................... 50
Conclusion ............................................................................................................................................... 50
Appendix G: Test Procedures ...................................................................................................................... 51
Table G-1, Tensile Testing Procedure ..................................................................................................... 51
Table G-2, Shear Testing Procedure........................................................................................................ 52
Appendix H: Testing Data............................................................................................................................ 53
Aluminum ................................................................................................................................................ 53
Table H-1, Aluminum Tensile Test Data .............................................................................................. 53
Figure H-1, Aluminum Tensile Stress-Strain Curve ............................................................................. 54
Figure H-2, Aluminum Tensile Young’s Modulus ................................................................................ 54
Table H-2, Aluminum Shear Test Data ................................................................................................ 55
Figure H-3, Aluminum Shear Stress-Strain Curve ............................................................................... 56
Brass ........................................................................................................................................................ 57
Table H-3, Brass Tensile Test Data ...................................................................................................... 57
Figure H-4, Brass Tensile Stress-Strain Curve ..................................................................................... 58
Figure H-5, Brass Tensile Young’s Modulus ........................................................................................ 58
Table H-4, Brass Shear Test Data ........................................................................................................ 59
Figure H-6, Brass Shear Stress-Strain Curve........................................................................................ 59
Steel ........................................................................................................................................................ 60
Table H-5, Steel Tensile Test Data....................................................................................................... 60
Figure H-7, Steel Tensile Stress-Strain Curve ...................................................................................... 61
Figure H-8, Steel Tensile Young’s Modulus ......................................................................................... 61
Table H-6, Steel Shear Test Data ......................................................................................................... 62
Figure H-9, Steel Shear Stress-Strain Curve ........................................................................................ 62

EXECUTIVE SUMMARY
This report presents the complete design process for a shear strength testing device created for
Indiana University – Purdue University of Fort Wayne (IPFW). Values for shear strength are
often estimated using data from tensile tests. The goal of the design has been to give IPFW the
ability to measure these exact values rather than estimating them as they currently do. The shear
strength testing fixture developed throughout the course of this senior design project was
engineered as an attachment for an existing tensile testing machine. Designing it to mount to
existing equipment saves the university money by eliminating the need for additional machinery
to be purchased.

Design
The design of this two component fixture allows for the standing machine to serve a dual
purpose, thus broadening the functionality of the existing equipment. Each component of the
fixture device threads into the existing crosshead supported nuts on the tensile testing machine in
place of a tensile test specimen. A shear test specimen can then be loaded into the fixture, and the
machine is operated in the same manner as it is for a tensile test. The data gathered after the
procedure has been completed exhibits the shear specimen’s exact shear strength values.

Development
During the developmental phase of the device, finite element analysis and calculations were
performed for all possible modes of failure to ensure none of these modes would occur in any
component of the fixture before the desired shear failure mode would occur in the specimen. The
concepts of shear and tensile strength and their relationships were investigated and became key
in creating the device. Using the information gathered, materials and dimensions were then
decided and the device was fabricated by Industrial Engineering Inc. Upon receiving the
completed fixture, shear and tensile tests were performed and all of the data gathered from these
tests confirmed that the design phase calculations were accurate. Proposed deadlines throughout
the development process of the project were all met, and the team was able to remain within
budget while successfully completing the project.

Utilization
The mechanism is capable of testing all of the material types that are used in other IPFW courses
and labs today. It is also capable of testing stronger materials that are not currently used in these
courses. Values found from estimation equations and the values found from the shear testing
procedures show the percentage of error between the two methods of finding this data. We
recommend that IPFW include new lab courses or procedures in current courses that will utilize
this fixture in future demonstrations to expand the range of engineering material taught;
Furthermore, this new capability will dramatically improve upcoming IPFW student's
understanding of the shear strength concept.
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INTRODUCTION
Shear strength is the maximum load a material can withstand before fracturing when another
surface applies force perpendicularly against it. Every material has a different shear strength
value, and these values are most often estimated using various equations in conjunction with
tensile test data. Along with these equations, there are predetermined tables that are also used to
estimate these values, however the Engineering Department at Indiana University – Purdue
University of Fort Wayne (IPFW) does not have any means of measuring the exact values.
The fixture developed throughout the course of this IPFW Senior Design Project is intended to
be used as a tool to test and determine a material’s exact shear strength value. The fixture was
manufactured in a manner that allows it to be mounted on the existing 60,000 pound Tinius
Olsen tensile testing machine to keep costs as low as possible for the university by eliminating
the need for additional equipment to be purchased in order to utilize the device. The following
content of this report details designing, developing, testing, results, and intended future uses of
the device.

KEY CONCEPTS
Strength of Materials
Strength is a mechanical property of materials including metals, polymers, and ceramics, which
is directly related to how the material reacts when it experiences an applied load. The main types
of strength include torsion, impact, shear, tensile, compression, fatigue, and bending strengths.
These properties of strength are established by the atomic structure and grain sizes of the
material and can be measured using various test procedures. Determining the correct test method
required to gage this value depends on the desired type of strength the material should possess to
ensure optimal performance.
It is possible to calculate strength values based on the atomic structure and grain size of a metal
or alloy, but any imperfections resulting from the development of the material can dramatically
change these values. If this property is essential to the integrity of the product it will be used to
manufacture, each batch of the material should be tested before being used to ensure the product
will perform as expected.

What is Shear Strength?
When the surfaces of the two blades on a pair of scissors slide against each other while cutting a
piece of paper, the paper is known to be under shear stress. The two metal blades of the scissors
are made of the same kind of material, while the paper is made of a different type of material.
For the scissors to cut through the paper, the blades must be stronger than the paper. If the paper
were the stronger material of the two, then the scissor blades would deform before the paper
would shear. The measure of this type of strength for any material is called shear strength.
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Shear strength is defined as the maximum load, applied perpendicularly, that a material can
withstand before fracture [1]. This means that shear strength values represent the maximum shear
stress that can be sustained by a material before rupture, which is equivalent to the ultimate
strength of a material subjected to shear loading. When two pieces of metal are held together
with a bolt as shown in Figure 1, the bolt is loaded in single shear across its cross-section. The
shear plane passes through the bolt where the two pieces of metal meet. If three pieces of metal
are held together with a bolt as shown in Figure 2, then the bolt experiences double shear across
its cross-section. Single and double shear test methods produce similar values, but double shear
is most commonly preferred in industry. This is because single shear involves some bending and
is not pure shear.
Figure 1: Single Shear [2]

Figure 2: Double Shear [2]

What is Tensile Strength?
When two people pull on a single piece of rope in opposite directions, the rope is known to be
under tensile stress. The force applied by the people on the rope is known as a tensile load. The
magnitude, or size, of the tensile load can have three possible effects on the rope. These three
cases are necessary in understanding tensile strength and are discussed next.
Figure 3, Elastic Tensile Stress
The first situation that can occur is when the
rope temporarily becomes longer than its
original length as shown in Figure 3. This
happens if the rope is pulled with enough force
to cause it to stretch, but it returns to its original
length when released. In this case, the rope has
undergone what is known as temporary, or
elastic, deformation which is similar to stretching and releasing a rubber band. The greatest
magnitude of a tensile load that a material can handle before the deformation type is no longer
temporary is called the yield strength value of the material.
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The second case occurs if the rope is pulled with enough force to cause it to stretch beyond its
yield strength value as shown in Figure 4. When this happens, the rope has undergone what is
known as permanent, or plastic, deformation, and the rope will not return to its original length
after it is released. Instead, the rope will be permanently longer than its original length. The
largest tensile load a material can withstand before breaking after passing the yield strength limit
is known as the ultimate tensile strength, sometimes referred to as just tensile strength, value of
the material. The last possibility is when the rope can breaks which is called fracture or rupture
and is shown in Figure 5.
Figure 4, Plastic Tensile Stress

Figure 5, Fracture from Tensile Stress

How Are Tensile Tests Performed?
The Tinius Olsen tensile test machine is designed with an upper and a lower crosshead. The
bottom crosshead is stationary while the top crosshead can be hydraulically moved up or down.
To test a sample of material for tensile strength, the upper crosshead is lowered, and a tensile
specimen is threaded into the nuts in each crosshead.
Once everything is in place and the machine is started, the top crosshead moves upward
vertically as shown in Figure 6. As this movement occurs, the specimen experiences a tensile
load parallel to its axis. The magnitudes of the load and the deflection, which is the degree that
the specimen has changed in length, are recorded until the specimen breaks. This information can
then be analyzed to determine the material’s tensile strength values.
Figure 6, Tensile Testing
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THE CURRENT SITUATION
Shear strength data can already be derived in a few different ways. There are obtainable
equations used to estimate this value as well as tables of predetermined values for various
materials. There are also machines used to test this exact value, but IPFW does not have this
equipment or a mountable fixture required for the existing tensile testing machine to perform or
demonstrate these exact measurements. These tools can be very costly and regarded as an
unnecessary expense for a nonprofit organization, when there are equations that could be used to
estimate the data.
There are times in industry when an estimation is not precise enough to ensure the design will
operate as needed. If an engineer were assigned the task of designing a machine with the
requirement that it must have a fail-safe device to protect the machine or operator, how would
the engineer know how strong or weak the fail-safe device should be? When it comes to
protecting expensive equipment or an operator for harm, an estimation should not be used in
some cases. Instead, exact values may need to be found to prevent the user from experiencing
harm or even death. One example of such a design is the shear pin in a snow blower. If the
impeller on the snow blower becomes clogged or hits a solid object, the shear pin will break
before the auger in the machine. This small pin is much cheaper to replace than the entire auger
system, and the user is much safer than they would be if the machine failed instead of the pin.
The existing tensile testing machine at IPFW is only used at this time to determine the tensile
strength and related data of various materials by pulling a specimen in opposite directions until it
breaks. The machine has a dial indicator that measures the change in the distance between two
crossheads which are fixed to the machine. A prepared sample of material is threaded into nuts
which are supported by these crossheads. As the tensile test is in progress, the force applied to
the specimen is measured in pounds and can be read off of a dial throughout the procedure. The
measured force can then be used in various equations to calculate related sets of data values.

DESIGNING THE SHEAR STRENGTH TESTING FIXTURE
The Design Concept
The shear strength testing fixture developed throughout this project was chosen to supply the
university with a tool which is currently unavailable to them. It was decided to design the device
specifically for the tensile testing machine at IPFW to utilize and broaden the functionality of the
existing equipment. Since the tensile test applies a load parallel to the specimen’s axis, the team
had to find a way to apply a load perpendicularly to a specimen’s axis without altering the
machine.
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Figure 7, Shear Testing
Based on these facts,
the preferred design
concept was to create a
fixture consisting of
two separate pieces.
Each component was
designed to thread into
the existing threaded
nuts supported by the
crossheads of the test
machine in place of a
tensile test specimen.
When the two parts are
aligned, the holes in
the fixture will become a single hole through which the shear strength test specimen can be loaded
normal to the fixture as shown in Figure 7.
Figure 8, Shear Load on the Specimen
The specimen is placed through the
aligned holes and secured with a collar
on each side to hold everything in place
while the fixture is being mounted to the
machine. After the two fixture parts, the
specimen, and the two collars are in
place, the fixture is screwed into the
threaded nuts of the machine’s crosshead
plates. While the plate and the top piece
of the fixture, moves upward at a
gradually increasing load, a shear force
is created on the specimen.
This design allows the load from the
machine on the specimen to be applied
perpendicular instead of parallel causing
the specimen to fail in shear rather than
tension as shown in Figure 8. The
increasing load amount can be read from
a dial indicator on the machine and used
to determine the shear force. Data will be
gathered until the specimen reaches shear failure. From this data, calculations can then be made to
determine the shear strength of the material.
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The Design Specifications
Once the team had confirmed that this was the optimal design concept for the project, the
mechanical and physical specifications were the next items to be determined. This included
selecting materials, dimensions, performing failure calculations, and analyzing the design data.

Materials
The first step in defining these details was to decide what materials that the device would be used
to test. The team referred to the lab manual for the Materials and Processes (MET 180) required
course for the Mechanical Engineering and Technology major at IPFW. It was found that the
tensile testing lab portion of this course uses the machine to test the following materials.
•
•
•

1020 grade cold drawn low carbon steel with a tensile strength of 65,000 psi [3]
C26000 annealed cartridge brass with a tensile strength of 48,000 psi [3]
2024-T4 grade aluminum with a tensile strength of 68,000 psi [3]

After speaking with John Mitchell, who machines the specimens to be tested in the tensile lab,
the team found that the course no longer uses the 1020 grade steel. Mr. Mitchell advised the team
to use ASTM A36 steel with a tensile strength of 58,000 psi [3] instead. The team planned to test
both a tensile and a shear specimen of each of the three materials and discussed this with Mr.
Mitchell as well. It was desired that both specimen types be made from the same batch of
material to prevent inconsistency in the data. After taking the amount of material Mr. Mitchell
had on hand to create the specimens, the team was advised to once again change this steel
specimen to 12L14 cold drawn steel with a tensile strength of 78,000 psi [4] to ensure there was
enough material to make both specimens from the same lot.
After the decision on the specimen material was finalized, the team began researching materials
to use for the fixture and for a facility who supplied it for the cheapest cost. Valbruna Slater
Stainless Inc. graciously offered to donate the fixture material to the team at no charge. The
fixture needed to be capable of testing these three types of materials repeatedly without failing,
so the initial consideration was to use heat treated 630 HH1150 stainless steel to fabricate the
fixture. It was also considered to heat treat it again to H900 hardness either before or after
fabrication. The team chose to use this heat treated material that exceeds the current needs due to
the possibility that the educational courses, thus the materials being tested, could change in the
future and may require a higher strength from the fixture.
Mike Rodenbeck, Vice President of Sales at Industrial Engineering, the machine shop chosen to
manufacture the two main components of the fixture, contacted the team with concerns that heat
treating the material to H900 prior to machining could cause many difficulties during fabrication.
The additional heat treatment to H900 after fabrication would increase the hardness of the
material to a point that any corrective machining would be very difficult if not relatively
impossible. After investigating how the heat treatment would possibly affect the part after it was
machined, it was found that there would likely be some distortion of the part and loss of crucial
tolerances caused by the treatment.
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Valbruna tested the 630 HH1150 material without the additional H900 heat treatment to find and
report its properties. The results of this testing are shown in Table 1. It was decided after
consulting this data in conjunction with ASTM specifications A-479 [5] and A-564 [6] that the
material alone is more than strong enough to perform the required tests without additional heat
treatment.
Table 1, Data of Pre-Machined Fixture Material
Valbruna 630 HH1150 Material Testing Results
Test and Units of Measure
Measurement
142700
Ultimate Tensile Strength, σUTS (psi)
123300
Yield Strength with 0.2% Offset, σYS (psi)
Elongation (in 2 Inches)
21.10
Reduction of Area (%)
58.90
Rockwell (HRWC)
32.00
Charpy V Notch Impact Energy Average (ft-lb)
77.67
Charpy V Notch Lateral Expansion Average (%)
48.33
Charpy V Notch Shear Resistance Average (%)
75.00

Dimensions
Originally, the team wanted to explore the possibility of using spacers to hold the specimens
internally. The spacers would have been used to reduce the inner diameter of the hole to allow
for testing of a range of specimen sizes from 0.25 inch to 0.5 inch diameters.
The spacers were ordered from McMaster-Carr [7], but upon arrival the spacers had unexpected
small chamfers on their inner and outer diameters which raised the concern that these chamfers
would affect the resulting data gathered from shear tests. It was decided not to use the spacer
components which resulted in altering the dimensions to only allow for a specimen of 0.25 inch
diameter in the fixture and specimen specifications.
The initial design called for the shear test specimens to be threaded on both ends so they could be
held in place with nuts on each side of the fixture. It was later decided that using collars would
allow for a simpler prepping method of the test specimens. By using a collar that can be attached
to each end and tightened to the same diameter as the specimen to hold it in place, this eliminates
the need for threading the ends of the specimens and using nuts to hold them into place. The
collars were ordered and received from McMaster-Carr [8].
Upon receiving the parts, the team did further investigation on incorporating them into the
overall design. The team decided that using the collars was a needed change to the design and
will be used in place of the nuts. The collars would be added at the beginning of each shear test
and remain in place throughout the testing process to hold the specimen ends once it breaks. All
of the force of the test procedure will be absorbed by the fixture, so the strength of the collars is
not a concern. The specimen should not move in the fixture after the test begins other than along
the shear planes. Drawings were created specifying all dimensions of both components of the
fixture as well as the specimens and are available in Appendix A.
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Calculations
All preliminary calculations for the design were performed to ensure that the device would
function as anticipated. All of the data computed has indicated that the fixture will not fail in any
manner before the shear specimen fails. The design calculations, values used, and results are
further detailed in Appendix B and include the following:
•
•
•
•
•
•

Shear failure to find the point where the specimen should fail in the desired mode
Bearing failure to ensure none of the specimens could cause crushing damage to the
fixture
Gross tensile failure to determine if tearing would occur across the fixture plates
Minimum length of thread engagement to ensure the fixture’s threads will not fail
Tensile failure at the thread pitch diameter to confirm the fixture will not fail at its
weakest point
Design factor of safety

All of the calculations were performed for each of the three materials that will realistically be
tested in the future on the fixture. When the specimen material for steel changed, the calculations
including that material were repeated. In addition to the calculations, finite element analysis
(FEA) reports were performed on three of the specimen types and the fixture. All four reports
have been included in Appendices C, D, E, and F. The calculations and FEA reports indicated
that the fixture would not fail in any manner before the shear specimen fails as desired.

TESTING THE SHEAR STRENGTH FIXTURE
Once Industrial Engineering completed the device, and it was received by the team, it was
visually inspected and compared to the design specifications. Based on the visual analysis, no
issues or concerns were found. Soon after, the shear and tensile test specimens were ready. After
receiving them, the team made arrangements to test the device on the tensile testing machine
with assistance from Dr. Barry Dupen. All three tensile specimens and all three shear specimens
were tested through the procedure outlined in Appendix G. There were no unexpected issues
experienced during either test procedure. The data from testing was gathered and processed in
Excel with comparison charts. This information is available in Appendix H as well as shear and
tensile stress-strain curves that were created to visually demonstrate the data.

Post-Testing Calculations
The idea of the project from the beginning was to compare the actual values from the testing
results to general estimation formula values commonly used in industry and academics. Each
type of material has its own estimation method and all were retrieved from the same source [9].
Each set of methods involves yield strength and tensile strength.
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Steel Estimation
12L14 cold drawn carbon steel is an alloy. There are two known estimation methods used for an
alloy steel. The first is based on the material’s yield strength in tension, and states that the shear
yield strength should be equivalent to approximately 58% of the tensile yield strength. The
second is based on the material’s ultimate tensile strength and states that the shear strength
should be equivalent to 75% of the tensile strength.
Yield Strength Estimation Method
The yield strength found during tensile testing for the steel specimen was 75,000 psi. 58% of this
value is 43,500 psi, thus the shear yield strength should also be 43,500 psi. The actual data shows
this value to be 36,500 psi.
Ultimate Tensile Strength Method
The ultimate tensile strength found during testing for the steel specimen was 79,600 psi. 75% of
this value is 59,700 psi. The actual value was found to be 43,900 psi.

Aluminum Estimation
2024-T4 is also an alloy. There are two known estimation methods used for an aluminum alloy.
The first is based on the material’s yield strength in tension, and states that the shear yield
strength should be equivalent to approximately 55% of the tensile yield strength. The second is
based on the material’s ultimate tensile strength and states that the shear strength should be
equivalent to 65% of the tensile strength.
Yield Strength Estimation Method
The yield strength found during tensile testing for the aluminum specimen was 43,400 psi. 55%
of this value is 23,900 psi, thus the shear yield strength should also be 23,900 psi. The actual data
shows this value to be 27,700 psi.
Ultimate Tensile Strength Method
The ultimate tensile strength found during testing for the aluminum specimen was 52,600 psi.
65% of this value is 34,200 psi. The actual value was found to be 30,600 psi.

Brass Estimation
Annealed cartridge brass is a copper alloy. Copper alloys have two estimation methods as well.
The first is based on the material’s yield strength in tension, and states that the shear yield
strength should be equivalent to approximately 58% of the tensile yield strength. The second is
based on the material’s ultimate tenile strength and states that the shear strength should be
equivalent to 65% of the tensile strength.
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Yield Strength Estimation Method
The yield strength found during tensile testing for the aluminum specimen was 43,900 psi. 58%
of this value is 25,500 psi, thus the shear yield strength should also be 25,500 psi. The actual data
shows this value to be 28,200 psi.
Ultimate Tensile Strength Method
The ultimate tensile strength found during testing for the aluminum specimen was 51,000 psi.
65% of this value is 33,150 psi. The actual value was found to 38,700 psi.

Conclusion of the Testing Results
Both of these methods of estimation show that the actual values are very close to the estimated
values for all three materials. The FEA reports were also compared to the actual results of the
data. The shear stresses in the FEA for aluminum and brass were extremely close to the actual
values from testing. The FEA report for steel was ran under the assumption that the specimen
would be made of A36, but the actual sample was made of 12L14. Comparing the FEA report for
steel to actual data does not give any helpful information. It was not expected that any forms of
comparison to the actual data would be exact, but it was anticipated that they would be close. All
values that were estimated in any manner and compared show that the device is functioning
properly. This information also shows how far from the real value an estimate can be.

SCHEDULES AND BUDGETS
Schedules
The project was completed within the time frames the team had set in the beginning. A Gantt
chart was created with the desired deadlines for certain portions of the project when the project
began. It has been continually updated throughout the process to show the planned completion
dates compared to the actual completion dates. Now that the project is complete, the Gantt chart
has been updated to reflect completion and is shown in Table 2.
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Table 2, Gantt Chart

Budget
The total budget in addition to the fixture material, donated to the team by Valbruna Slater
Stainless Inc., was $500. The team was able to design and create this device successfully while
staying under this budget. A cost analysis, shown in Table 3 and Figure 9, was done to show how
much money the team saved the university by creating and donating this device to them. To
show the immense gratitude to the sponsors, the logos of Valbruna Slater Stainless and Industrial
Engineering were engraved on the completed fixture.
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Table 3, Cost Analysis

Cost Analysis
Individual Actual Costs for
Team
Component
Cost
Top Component
Bottom Component
Shaft Collars (4)
Spacers (3)
Specimen #1
Specimen #2
Specimen #3
Total

IPFW's Theoretical Cost
Benefits for IPFW
for Equivalent
Cost of Shear
$8,000 Cost Benefits
$420.00
Machine
$250.00 Cost of Shear
$800 Cost Benefit
1.0502
Fixture
Ratio
$130.00
$8.36
$11.58
$0.00
$0.00
$0.00
$399.94

Figure 9, Cost Analysis

Cost Analysis
$9,000.00
$8,000

$8,000.00
$7,000.00
$6,000.00
Cost ($)

$5,000.00
$4,000.00
$3,000.00
$2,000.00
$1,000.00

$399.94

$800

$0.00
Senior Design Fixture

Fixture for IPFW

Shear Testing Machine
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CONCLUSION
The device performed exactly as hoped and planned. This fixture will contribute to IPFW
because the university currently teaches multiple courses involving shear strength of various
materials, but has no way to demonstrate the measurement process of this exact data to students.
Other testing procedures are commonly demonstrated in various lab portions of certain courses,
but only the concept and mathematics of shear strength are taught at the present time.The team
recommends that IPFW modify current courses to include this device to demonstrate this concept
to future students.
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APPENDIX A: FINAL SPECIFICATION FIGURES
Figure A-1, Top Component of Fixture

15

Figure A-2, Bottom Component of Fixture
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Figure A-3, Shear Specimen
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Figure A-4, Collar
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Figure A-5, Fixture and All Components Assembled
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APPENDIX B: DESIGN CALCULATIONS AND DATA
Equation B-1, Shear Failure
× [1] was used to determine the point where the specimen should
The equation = ×
fail in shear, which is the desired mode of failure. In this equation, the variables used are,
•

n = 2, and is defined as the number of shear planes in this design.

•

=
= 0.0491 , and is defined as the maximum cross-sectional area of the
shear test specimen, where the diameter of the specimen is d = 0.25 inches.
“τ” is the allowable shear strength of the test specimen material based on the estimation
that the highest value this could be is approximately 70% of the material’s ultimate
tensile strength (σUTS). The ultimate tensile strength value for the fixture material was
taken from the data test ran by Valbruna, and the values for the five specimen materials
were found in existing tables [3] and [4] of materials properties at room temperature.

•

×

The values for “τ”, “σUTS”, and “Ps” are all available in Table 1, Design Failure Calculation
Results. This value needs to be the lowest value compared to the following bearing or gross
tensile failure calculation values to ensure that the specimen will fail before any other component
of the fixture.

Equation B-2, Bearing Failure
[1] was used to determine if any of the specimens could cause
The equation = × ×
crushing damage to the fixture at the specimen hole. In this equation, the variables used are,
•
•
•

d = 0.25 inches, and is the maximum diameter of the specimen.
t = 0.75 inches, and is the smallest thickness of the fixture plates which is the required
value to be used in this equation. The bottom component has a total thickness of 0.75
inches, and the top component has a combined thickness of 1.5 inches.
σp = 1.5 ×
, and is defined at the allowable bearing stress. These values are in Table
1, Design Failure Calculation Results.

These final bearing failure values were all approximately 75% greater than the shear failure
values as hoped, and can be seen in Table 1, Design Failure Calculation Results. This ensures
that the specimen will fail before it damages the plates of the fixture in all four cases.
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Equation B-3, Gross Tensile Failure
[1] was calculated to determine if tearing across the fixture plate’s
The equation = ×
gross cross-sectional area at any distance from the aligned specimen hole could occur before
shear failure. In this equation, the variables used are,
•
•

= × = 1.6875 , and is defined as the smallest cross-sectional area of the
fixture, where the thickness of the plate is the same value used in bearing failure and the
width of the plate is w = 2.25 inches.
σg is defined as the allowable gross tensile strength and is 60% of the material’s yield
strength (σys). The yield strength value for the fixture material was taken from the data
test ran by Valbruna, and the values for the three specimen materials were found in
existing tables [3] and [4] of materials properties at room temperature.

The values for “σg”, “σys”, and “Pg” are all available in Table 1, Design Failure Calculation
Results. These final gross tensile failure values were all approximately 70% greater than the
bearing failure values, thus extremely greater than shear failure values. This ensures that the
specimen will fail in shear before the plates of the fixture experience tensile failure in all four
cases. So for all calculated failure modes, the desired mode of shear failure will occur before any
of the other modes.

Equation B-4, Minimum Length of Thread Engagement
This was calculated to ensure the fixture material would be substantially strong enough to endure
the shear testing, so that gross tensile failure of the fixture plates will occur before stripping the
fixture threads while it is mounted in the tensile testing machine using the equation, =
×
[10]. In the equation, the unknown variables are,
× ×[

,

•

•
•

.

× ×

,

,

]

.

= 0.7854 × ( −
) = 0.33446 , and is defined as the tensile stress area
where the diameter of the threaded area in question D = 0.75 inches and the number of
threads per inch S = 10 [11].
Kn,MAX = 0.6630 inches, and is defined as the maximum minor internal thread diameter
[11].
Es,MIN = 0.6773 inches, and is defined as the minimum external thread pitch diameter
[11].

The result of the thread fastener length of engagement calculation was that Le = 0.55128 inches.
This means that the minimum thread length of the fixture are required to be at least 0.55128
inches long to ensure they do not fail. The threads in this design significantly exceed this
minimum requirement since they are 1.5 inches in length.
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Equation B-5, Tensile Failure at Minor Thread Diameter
This calculation was done to ensure that the fixture would not fail at the smallest cross-sectional
area of the fixture, which would be the thread pitch diameter. It was determined that the equation
× ×

=
= 53,034
defines the point of loading that this type of failure
would occur. The maximum load that could be applied to this design is 30,000 psi and well
below this load needed to cause tensile failure in this location.

Equation B-6, Design Factor of Safety
The factor of safety was then determined for the design by dividing the load found that would
cause tensile failure at the minor diameter by the maximum load to be applied. This resulted in a
,
factor of safety of . . =
= 1.69.
,

Table 1, Design Failure Calculation Results
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APPENDIX C: FEA OF THE ALUMINUM SHEAR
SPECIMEN
Introduction
The purpose of this simulation is to verify calculated values of shear failure in a 0.249 inch
diameter specimen of 2024-T4 aluminum by means of a shear test. It is assumed that the material
is homogenous and without defect.

Model Information

Document Name and
Reference
Cut-Revolve1

Model name: Shear Test Specimen
Current Configuration: Default
Solid Bodies
Treated
Volumetric
Document Path/Date Modified
As
Properties
Mass:0.014759 lb
Volume:0.146952
C:\Users\eblack\Desktop\senior
in^3
design\solid
Solid
Density:0.100434
models\simulations\Shear Test
Body
lb/in^3
Specimen.SLDPRT
Weight:0.014749
Apr 20 14:30:14 2015
lbf
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Study Properties
Study name
Analysis type
Mesh type
Thermal Effect:
Thermal option
Zero strain temperature
Include fluid pressure effects from
SOLIDWORKS Flow Simulation
Solver type
In-plane Effect:
Soft Spring:
Inertial Relief:
Incompatible bonding options
Large displacement
Compute free body forces
Friction
Use Adaptive Method:

2024-T4 Shear Test
Static
Solid Mesh
On
Include temperature loads
298 Kelvin
Off
FFEPlus
Off
Off
Off
Automatic
Off
On
Off
Off

Units
Unit system:
Length/Displacement
Temperature
Angular velocity
Pressure/Stress

English (IPS)
in
Fahrenheit
Rad/sec
psi
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Material Properties
Model Reference

Properties
Name:
Model type:
Default failure
criterion:
Yield strength:
Tensile strength:
Elastic modulus:
Poisson's ratio:
Mass density:
Shear modulus:
Thermal expansion
coefficient:

Components

2024-T4
Linear Elastic
Isotropic
Max von Mises
Stress
47137.3 psi
68167.7 psi
1.05007e+007 psi
0.33
0.100434 lb/in^3
4.06106e+006 psi
1.28889e-005
/Fahrenheit

SolidBody 1
(CutRevolve1)
(sample shear
simulation)

Curve Data:N/A

Fixtures
Fixture name

Fixture Image

Fixture Details

Entities:
Type:

Fixed-1

2 face(s)
Fixed Geometry

Resultant Forces
Components
X
Y
Z
Resultant
Reaction force(lbf)
-0.0531236 4673.95 -0.0260979 4673.95
Reaction Moment(lbf.in)
0
0
0
0

Loads
Load Name

Force-1

Load Image

Load Details
Entities:
Reference:
Type:
Values:

1 face(s), 1 plane(s)
Top Plane
Apply force
---, ---, -4674 lbf
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Mesh Information
Mesh type
Mesher Used:
Automatic Transition:
Include Mesh Auto Loops:
Jacobian points
Element Size
Tolerance
Mesh Quality

Solid Mesh
Standard mesh
Off
Off
4 Points
0.0263792 in
0.00131896 in
High

Mesh Details
Total Nodes
Total Elements
Maximum Aspect Ratio
% of elements with Aspect Ratio < 3
% of elements with Aspect Ratio > 10
% of distorted elements(Jacobian)
Time to complete mesh(hh;mm;ss):
Computer name:

71157
48027
4.4012
99.9
0
0
00:00:01
FTW-ENGR-D3
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Resultant Forces
Reaction Forces
Selection Set
Entire Model

Units
lbf

Sum X
-0.0531236

Sum Y
4673.95

Sum Z
-0.0260979

Resultant
4673.95

Sum X
0

Sum Y
0

Sum Z
0

Resultant
0

Reaction Moments
Selection Set
Entire Model

Units
lbf.in

Study Results
Stress
Name

Type

Stress1

VON: von Mises Stress

Min
0.000183934 psi
Node: 68030

Max
301166 psi
Node: 64764

Shear Test Specimen-2024-T4 Shear Test-Stress-Stress1
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Displacement
Name
Displacement1

Type
URES: Resultant
Displacement

Min
0 in
Node: 1

Max
0.00579286 in
Node: 987

Shear Test Specimen-2024-T4 Shear Test-Displacement-Displacement1
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Strain
Name

Type

Strain1

ESTRN: Equivalent Strain

Min
1.32083e-011
Element: 21212

Max
0.0228163
Element: 12204

Shear Test Specimen-2024-T4 Shear Test-Strain-Strain1

Conclusion
This is a static study and does not calculate any failure of material beyond normal displacement.
The resulting stresses that come from shear and tensile failure will be reported as irregularly high
values. In the case of this study, these high values verify that the specimen will shear at the
applied load.
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APPENDIX D: FEA OF BRASS SHEAR SPECIMEN
Introduction
The purpose of this simulation is to verify calculated values of shear failure in a 0.249 inch
diameter specimen of annealed cartridge brass by means of a shear test. It is assumed that the
material is homogenous and without defect.

Model Information

Document Name and
Reference
Cut-Revolve1

Model name: Shear Test Specimen
Current Configuration: Default
Solid Bodies
Treated
Volumetric
Document Path/Date Modified
As
Properties
Mass:0.0452613 lb C:\Users\eblack\Desktop\senior
Solid
Volume:0.146952
design\solid
Body
in^3
models\simulations\Shear Test
Density:0.308
Specimen.SLDPRT
lb/in^3
Apr 20 14:30:14 2015
Weight:0.0452307
lbf
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Study Properties
Study name
Analysis type
Mesh type
Thermal Effect:
Thermal option
Zero strain temperature
Include fluid pressure effects from Flow Simulation
Solver type
In-plane Effect:
Soft Spring:
Inertial Relief:
Incompatible bonding options
Large displacement
Compute free body forces
Friction
Use Adaptive Method:

Cartridge Brass Shear Test
Static
Solid Mesh
On
Include temperature loads
298 Kelvin
Off
FFEPlus
Off
Off
Off
Automatic
Off
Off
Off
Off

Units
Unit system:
Length/Displacement
Temperature
Angular velocity
Pressure/Stress

English (IPS)
in
Fahrenheit
Rad/sec
psi

Material Properties
Model Reference

Properties
Annealed Cartridge Brass
Linear Elastic Isotropic

Name:
Model type:
Default failure
criterion:
Yield strength:
Tensile strength:
Elastic modulus:
Poisson's ratio:
Mass density:
Thermal exp. coeff:

Max von Mises Stress

Components

SolidBody
1(CutRevolve1)(s
ample shear
simulation)

16000 psi
48000 psi
16969 psi
0.34
0.308 lb/in^3
11.1 /Fahrenheit
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Fixtures
Fixture Name

Fixture Image

Fixture Details

Entities:
Type:

Fixed-1

Components
Reaction force(lbf)
Reaction Moment(lbf.in)

Resultant Forces
X
Y
0.0606387
3300
0
0

2 face(s)
Fixed Geometry

Z
-0.0102784
0

Resultant
3300
0

Loads
Load Name

Load Image

Force-1

Load Details
Entities:
Reference:
Type:
Values:

1 face(s), 1 plane(s)
Top Plane
Apply force
---, ---, -3300 lbf

Mesh Information
Mesh type
Mesher Used:
Automatic Transition:
Include Mesh Auto Loops:
Jacobian points
Element Size
Tolerance
Mesh Quality

Solid Mesh
Standard mesh
Off
Off
4 Points
0.0263792 in
0.00131896 in
High
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Mesh Details
Total Nodes
Total Elements
Maximum Aspect Ratio
% of elements with Aspect Ratio < 3
% of elements with Aspect Ratio > 10
% of distorted elements(Jacobian)

71157
48027
4.4012
99.9
0
0

Time to complete mesh(hh;mm;ss):
Computer name:

00:00:02
FTW-ENGR-D3

Resultant Forces
Reaction Forces
Selection Set
Entire Model

Units
lbf

Sum X
0.0606387

Sum Y
3300

Sum Z
-0.0102784

Resultant
3300

Sum X
0

Sum Y
0

Sum Z
0

Resultant
0

Reaction Moments
Selection Set
Entire Model

Units
lbf.in
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Study Results
Stress
Name

Type

Stress1

VON: von Mises Stress

Min
0.000119334 psi
Node: 25776

Max
212086 psi
Node: 64764

Shear Test Specimen-Cartridge Brass Shear Test-Stress-Stress1
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Displacement
Name
Displacement1

Type
URES: Resultant
Displacement

Min
0 in
Node: 1

Max
2.53197 in
Node: 987

Shear Test Specimen-Cartridge Brass Shear Test-Displacement-Displacement1
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Strain
Name

Type

Strain1

ESTRN: Equivalent Strain

Min
8.56383e-009
Element: 22243

Max
10.0007
Element: 12853

Shear Test Specimen-Cartridge Brass Shear Test-Strain-Strain1

Conclusion
This is a static study and does not calculate any failure of material beyond normal displacement.
The resulting stresses that come from shear and tensile failure will be reported as irregularly high
values. In the case of this study, these high values verify that the specimen will shear at the
applied load.
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APPENDIX E: FEA OF A36 STEEL SHEAR SPECIMEN
Introduction
The purpose of this simulation is to verify calculated values of shear failure in a 0.249 inch
diameter specimen of A36 steel by means of a shear test. It is assumed that the material is
homogenous and without defect.

Model Information

Document Name and
Reference
Cut-Revolve1

Model name: Shear Test Specimen
Current Configuration: Default
Solid Bodies
Volumetric
Document Path/Date
Treated As
Properties
Modified
Mass:0.0416756 lb
Volume:0.146952
C:\Users\eblack\Desktop\s
in^3
enior design\solid
Density:0.283599
models\simulations\Shear
Solid Body
lb/in^3
Test Specimen.SLDPRT
Weight:0.0416473
Apr 20 14:30:14 2015
lbf
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Study Properties
Study name
Analysis type
Mesh type
Thermal Effect:
Thermal option
Zero strain temperature
Include fluid pressure effects from Flow Simulation
Solver type
In-plane Effect:
Soft Spring:
Inertial Relief:
Incompatible bonding options
Large displacement
Compute free body forces
Friction
Use Adaptive Method:

A36 Shear Test
Static
Solid Mesh
On
Include temperature loads
298 Kelvin
Off
FFEPlus
Off
Off
Off
Automatic
Off
On
Off
Off

Units
Unit system:
Length/Displacement
Temperature
Angular velocity
Pressure/Stress

English (IPS)
in
Fahrenheit
Rad/sec
psi

Material Properties
Model Reference

Properties
Name:
ASTM A36 Steel
Model type:
Linear Elastic
Isotropic
Default failure criterion:
Unknown
Yield strength:
36259.4 psi
Tensile strength:
58015.1 psi
Elastic modulus:
2.90075e+007 psi
Poisson's ratio:
0.26
Mass density:
0.283599 lb/in^3
Shear modulus:
1.15015e+007 psi

Components

SolidBody
1(CutRevolve1)(s
ample shear
simulation)
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Fixtures
Fixture Name

Fixture Image

Fixture Details

Entities:
Type:

Fixed-1

Resultant Forces
Components
X
Y
Reaction force(lbf)
-0.0158854
3987
Reaction Moment(lbf.in)
0
0

2 face(s)
Fixed Geometry

Z
0.00649495
0

Resultant
3987
0

Loads
Load Name

Load Image

Force-1

Load Details
Entities:
Reference:
Type:
Values:

1 face(s), 1 plane(s)
Top Plane
Apply force
---, ---, -3987 lbf

Mesh Information
Mesh type
Mesher Used:
Automatic Transition:
Include Mesh Auto Loops:
Jacobian points
Element Size
Tolerance
Mesh Quality

Solid Mesh
Standard mesh
Off
Off
4 Points
0.0263792 in
0.00131896 in
High
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Mesh Details
Total Nodes
Total Elements
Maximum Aspect Ratio
% of elements with Aspect Ratio < 3
% of elements with Aspect Ratio > 10
% of distorted elements(Jacobian)

71157
48027
4.4012
99.9
0
0

Time to complete mesh(hh;mm;ss):
Computer name:

00:00:02
FTW-ENGR-D3

Resultant Forces
Reaction Forces
Selection Set
Entire Model

Units
lbf

Sum X
-0.0158854

Sum Y
3987

Sum Z
0.00649495

Resultant
3987

Sum X
0

Sum Y
0

Sum Z
0

Resultant
0

Reaction Moments
Selection Set
Entire Model

Units
lbf.in
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Study Results
Stress
Name

Type

Stress1

VON: von Mises Stress

Min
8.37421e-005 psi
Node: 23724

Max
261978 psi
Node: 64764

Shear Test Specimen-A36 Shear Test-Stress-Stress1
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Displacement
Name
Displacement1

Type
URES: Resultant
Displacement

Min
0 in
Node: 1

Max
0.00177684 in
Node: 987

Shear Test Specimen-A36 Shear Test-Displacement-Displacement1

42

Strain
Name

Type

Strain1

ESTRN: Equivalent Strain

Min
4.41141e-012
Element: 9009

Max
0.0068658
Element: 12204

Shear Test Specimen-A36 Shear Test-Strain-Strain1

Conclusion
This is a static study and does not calculate any failure of material beyond normal displacement.
The resulting stresses that come from shear and tensile failure will be reported as irregularly high
values. In the case of this study, these high values verify that the specimen will shear at the
applied load.
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APPENDIX F: FEA OF SHEAR FIXTURE BOTTOM
Introduction
The purpose of this simulation is to verify calculations of the gross tensile failure at the base of
the threaded body of the fixture. It is assumed that the material is homogenous and without
defect.

Model Information

Document Name and
Reference
Hole1

Model name: Shear Fixture Bottom
Current Configuration: Default
Solid Bodies
Volumetric
Treated As
Document Path/Date Modified
Properties
Mass:1.99391 lb
Volume:7.12143
in^3
C:\Users\eblack\Desktop\senior
Density:0.279987
design\solid models\Shear
Solid Body
lb/in^3
Fixture Bottom.SLDPRT
Weight:1.99255
Apr 20 17:07:46 2015
lbf
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Study Properties
Study name
Analysis type
Mesh type
Thermal Effect:
Thermal option
Zero strain temperature
Include fluid pressure effects from
SOLIDWORKS Flow Simulation
Solver type
In-plane Effect:
Soft Spring:
Inertial Relief:
Incompatible bonding options
Large displacement
Compute free body forces
Friction
Use Adaptive Method:

Tensile Failure
Static
Solid Mesh
On
Include temperature loads
77 Fahrenheit
Off
FFEPlus
Off
Off
Off
Automatic
Off
On
Off
Off

Units
English (IPS)
in
Fahrenheit
Rad/sec
psi

Unit system:
Length/Displacement
Temperature
Angular velocity
Pressure/Stress

Material Properties
Model Reference

Properties
Name:
Model type:
Default failure criterion:
Yield strength:
Tensile strength:
Elastic modulus:
Poisson's ratio:
Mass density:

Components

630 HH1150
Linear Elastic Isotropic
Unknown
123300 psi
142700 psi
2.85724e+007 psi
0.28
0.279987 lb/in^3
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SolidBody
1(Hole1)(Sh
ear Fixture
Bottom)

Fixtures
Fixture Name

Fixture Image

Fixture Details

Entities:
Type:

Fixed-1

Components
Reaction force(lbf)
Reaction Moment(lbf.in)

Resultant Forces
X
Y
-2.60609
-53039.3
0
0

1 face(s)
Fixed Geometry

Z
1.73468
0

Resultant
53039.3
0

Loads
Load Name

Load Image

Force-1

Load Details
Entities:
Reference:
Type:
Values:

1 face(s)
Edge< 1 >
Apply force
---, ---, -53035 lbf

Mesh Information
Mesh type
Mesher Used:
Jacobian points
Maximum element size
Minimum element size
Mesh Quality

Solid Mesh
Curvature based mesh
4 Points
0 in
0 in
High
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Mesh Details
Total Nodes
Total Elements
Maximum Aspect Ratio
% of elements with Aspect Ratio < 3
% of elements with Aspect Ratio > 10
% of distorted elements(Jacobian)
Time to complete mesh(hh;mm;ss):
Computer name:

79940
54507
57.234
99.7
0.0312
0
00:00:05
FTW-ENGR-D3

Resultant Forces
Reaction Forces
Selection Set
Entire Model

Units
lbf

Sum X
-2.60609

Sum Y
-53039.3

Sum Z
1.73468

Resultant
53039.3

Sum X
0

Sum Y
0

Sum Z
0

Resultant
0

Reaction Moments
Selection Set
Entire Model

Units
lbf.in
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Study Results
Stress
Name

Type

Stress1

VON: von Mises Stress

Min
5.48646 psi
Node: 75740

Max
309181 psi
Node: 79736

Shear Fixture Bottom-Tensile Failure-Stress-Stress1
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Displacement
Name
Displacement1

Type
URES: Resultant
Displacement

Min
0 in
Node: 2

Max
0.00800013 in
Node: 75001

Shear Fixture Bottom-Tensile Failure-Displacement-Displacement1
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Strain
Name

Type

Strain1

ESTRN: Equivalent Strain

Min
3.96717e-007
Element: 6747

Max
0.00898262
Element: 5248

Shear Fixture Bottom-Tensile Failure-Strain-Strain1

Conclusion
The results of the simulation verify that gross tensile failure will occur at the base of the thread
under the specified load.
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APPENDIX G: TEST PROCEDURES
Table G-1, Tensile Testing Procedure
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Table G-2, Shear Testing Procedure
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APPENDIX H: TESTING DATA
Aluminum
Table H-1, Aluminum Tensile Test Data
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Figure H-1, Aluminum Tensile Stress-Strain Curve

Figure H-2, Aluminum Tensile Young’s Modulus
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Table H-2, Aluminum Shear Test Data
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Figure H-3, Aluminum Shear Stress-Strain Curve
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Brass
Table H-3, Brass Tensile Test Data
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Figure H-4, Brass Tensile Stress-Strain Curve

Figure H-5, Brass Tensile Young’s Modulus
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Table H-4, Brass Shear Test Data

Figure H-6, Brass Shear Stress-Strain Curve
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Steel
Table H-5, Steel Tensile Test Data
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Figure H-7, Steel Tensile Stress-Strain Curve

Figure H-8, Steel Tensile Young’s Modulus
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Table H-6, Steel Shear Test Data

Figure H-9, Steel Shear Stress-Strain Curve
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