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LABORATORY MODULE 
TENSION AND RUPTURE OF SKIN 

 

 

The tension test is a fundamental test configuration in the field of material characterization. By 

pulling on both ends, the goal is to evaluate how a sample will react to applied loading or 

displacement and to quantify its resistance to elongation. Tensile tests are used to determine 

several mechanical properties of a material, such as Young's Modulus, ultimate tensile strength, 

elongation at rupture and yield strength. Through Hooke's law, a material demonstrating 

elastic behavior will react linearly to axial deformation. By considering the geometry of the 

sample, the various mechanical properties can be calculated. 

This laboratory module consists of assessing mechanical properties of both polyethylene and 

rat skin using dogbone-shaped samples. Throughout this laboratory, each team will:  
 

 Prepare a polyethylene dogbone-shaped sample; 

 Prepare a rat skin dogbone-shaped sample; 

  

Dogbone-shaped polyethylene sample 

Dogbone-shaped skin sample 
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LABORATORY MODULE 
TENSION AND RUPTURE OF SKIN 

 Test each sample in tension until rupture; 

 Extract slopes of the elastic region from the load-displacement curves of each material 

using Mach-1 Analysis software; 

 Produce stress-strain curves for both tension tests by considering the sample 

geometry and obtain the Young's modulus of each material; 

 Analyze these curves to extract mechanical properties; 

 Discuss the tensile behavior of each sample; 
 

Learning Goals 
1. Become familiar with the safe operation of a mechanical tester during a 

tensile test. 

2. Become familiar with the dissection of biological samples. 

3. Learn how to prepare biological samples for tensile testing. 

4. Produce stress-stain curves considering the geometry of the sample. 

5. Differentiate between the elastic and plastic regions of a stress-strain curve. 

6. Extract mechanical parameters from stress-strain curves. 

7. Understand how the structure and composition of materials determine 

their behavior during tension testing. 
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LEGEND 

 For instructors  For students 

This laboratory module can be used as a whole by the instructor.  

The student version of the laboratory module should only include pages 1-13, 15-17, 19-22, 

26. Page 14, 18 and 23-25 should NOT be included since they contain solutions. 
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 KEY CONCEPTS   

Polyethylene: It is the most common plastic and it is a polymer created via polymerization of 

many small molecules, known as monomers, of ethylene. Their consequently large molecular 

mass relative to small molecule compounds produce unique mechanical properties, including 

toughness and viscoelasticity. Polyethylene is a flexible plastic that has an elastic behavior at 

small deformations and a plastic behavior at higher deformations. 

Skin: Skin is a thin multilayered tissue covering the surface of the body of a person or animal. 

It is mainly composed of a network of collagen and elastin fibers which allows for high levels 

of deformation. The mechanical properties of skin are studied to learn about its structural 

function in the body, the effects of pathologies on skin mechanics, to evaluate the quality of 

wound healing, etc. Skin presents a more complex mechanical behavior due to its multiple 

different components.  

Elastic region: Linear region of a stress-strain curve where a material deformed under load or 

strain will return to its original shape when the stress is released. The slope of the elastic region 

is the Young's modulus. 

Plastic region: Region of a stress-strain curve where the deformation undergone by a material 

remains after the load is removed. The plastic deformation is the permanent part of the 

deformation beyond the elastic limit of a material. 

Ultimate tensile strength (Tensile strength): Ultimate strength of a material subjected to tensile 

loading. It is the maximum stress developed in a material during a tension test.  

Elongation at rupture: The amount of uniaxial strain at fracture including both elastic and 

plastic deformation. 

Yield Strength: The stress at which a material starts to show plastic deformation. 

Toe region: Region of a stress-strain curve prior to the elastic region. The shape of the toe 

region is different from that of the elastic region due to the primary realignment of the sample 

in the grip, the straightening of slack fibers and the rotation of collagen fibers to align with the 

direction of elongation. 
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 Laboratory gear (lab coat, gloves, goggles) 

 Dogbone template (printed from this document) 

 Permanent marker and scissors for polyethylene sample preparation 

 Ziploc® bag  

 Stanley 1-1/2 in Single Edge Razor Blades or equivalent 

 Cutting board  

 Rubber Mallet  

 Laboratory Rat (Sprague Dawley or equivalent) 

 Tweezers 

 Six (6) BD PrecisionGlideTM regular bevel needles (30 G x 1 in, REF 305128) or equivalent pins to secure 

skin during dissection 

 Scalpel and blades (e.g. Miltex Scalpel Handle no.4, 5 3/8", REF4-8 with Miltex Carbon Steel Sterile 

Surgical Blades no.21, REF 4-121) 

 Styrofoam board at least 5 cm thick 

 Forceps 

 Phosphate Buffered Saline Solution (Sigma Product no. D-5652 or equivalent) 

 Squirt Bottle  

 Dogbone Sample Cutting Die (width=3 mm) (MA333) 

 Two (2) MasterCraft Mini Utility Blades or equivalent shape 

 Cutting template, 3x15x80 mm or equivalent 15 mm width cutting template 
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 Mechanical tester model Mach-1™ V500c (MA001) or higher models 

 Mach-1 Motion software (SW326) 

 Mach-1 Analysis software (SW186) 

 Spreadsheet software (e.g. Microsoft Excel) 

 Single-axis load cell 250 N (MA297) or equivalent with at least 100N in tension 

- Note: All single-axis load cells use units of "gf" instead of "N". In Mach-1 Motion, ensure to use 

the proper units to avoid any damage to the load cell.  

 Calibration weight 500 g (MA327 or MA337) 

 Testing chamber, D = 98 mm (MA626) 

 Tensile Grip Kit with Sample-Mounting Plate (MA090) 

- two (2) grip fixtures 

- two (2) grip cylinders 

- one (1) attachment screw 1.25" (with hole) 

- one (1) interface plate for tension grip 

- one (1) assembly plate for tensile testing 

 Caliper 

 Two (2) Allen keys, Hex size 3/16" and 5/32" 
 

 DEFINITIONS   
PBS         Phosphate buffered saline solution, 0.15M 

gf            Gram-force: 1 gf = 0.009806650 N 
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1. Cut a 90-mm by 30-mm rectangle from the Ziploc® bag. 

2. Place the polyethylene rectangle on the dogbone template. 

3. Using the permanent marker, draw the dogbone shape on the polyethylene. 

4. Place the polyethylene rectangle on the cutting board. 

5. Position and center the cutting die on the polyethylene to make the cut A. 

6. Firmly hold the cutting die in place and use the hammer to cut through the 

polyethylene. 

7. Carefully use the razor blade to make the curved B cuts on the polyethylene.  

Note: Any unintended cuts or slices in the A region may cause the sample to fail 

prematurely. 

  

I S

Dog-bone-shaped plastic template 

Note: Cuts A and B are critical for sample structural integrity 

Polyethylene dogbone sample preparation 

A 

28.3 mm 

C 

C 

C 

C 

3 mm 

B B 

B B 
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8. Place the razor blade on the polyethylene to make one of the C cuts. 

9. Firmly hold the razor blade in place and tap the blade with the mallet to cut through 

the polyethylene. 

10. Repeat steps 8 and 9 to make the three remaining C cuts.  

11. Separate the polyethylene dogbone-shaped sample and discard the remaining 

polyethylene. 
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Dogbone sample cutting die performing cut A 
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Note: Wear complete laboratory gear (gloves and goggles) when manipulating biological 

samples 

1. If the rat is frozen, partially defrost for 2 hours in the refrigerator (4°C) to facilitate 

manipulations. 

2. Lay the rat so that its back is fully exposed. Clean any blood on the skin. 

3. With a scalpel, cut a rectangular region of the back. 

4. Using tweezers, carefully remove the skin from the back while cutting with a scalpel. 

Avoid keeping muscle and fat on the skin. 

5. Lay the rectangular-shaped skin on the Styrofoam board, hair facing down. Use 

needles to secure the skin sample. 

6. Using tweezers and a scalpel, remove the tissue layer beneath the dermis. 

7. If freshly dissected, place the skin sample on the cutting board. Note that the 

rectangular-shaped skin can also be stored at -20°C and thawed at 4°C for at least 

45 minutes before placing the skin sample on the cutting board. 
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Removal of the connective tissue layer 

Dissection diagram of the rat 
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8. Using the cutting template, cut a rectangular section of skin. Firmly hold the razor 

blade while using the mallet to cut the skin.  

9. Center the cutting die on the skin to make the cut A.  

  

I S

Cutting of the rectangular section of skin 

Rectangular section of the skin sample using 

the cutting template 

Dogbone-shaped skin template  

Note: Cuts A and B are critical for sample structural integrity. 

A 

28.3 mm 

C 

C 

C 

C 

3 mm 

B B 

B B 
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10. Firmly hold the cutting die in place and tap the cutting die with the mallet to cut 

through the skin. Use sufficient force to cut the entire section. 

11. Place the razor blade on the skin to make one of the B cuts. 

12. Use the mallet to cut through the skin with the blade, firmly holding the blade in 

place. Note: Any unintended cuts or slices in the A region may cause the sample to 

fail prematurely. 

13. Repeat steps 11 and 12 to make the three remaining B cuts.  

14. Separate the dogbone-shaped skin sample and discard of the remaining skin.  

15. Place a delicate task wipe soaked in PBS solution over the sample to preserve it 

until testing. 
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Dogbone sample cutting die performing cut A 

Performing cut B with a utility blade and a hammer 
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POLYETHYLENE 
 TESTING PROCEDURES   

P
O

LY
E
T
H

Y
LE

N
E
 S

A
M

P
LE

 

1. Turn ON the Mach-1 controller and wait for it to initialize. 

2. Open Mach-1 Motion software. 

3. Using manual controls of the software, raise the vertical stage to its maximum 

height using "medium" speed. 

4. Verify load cell calibration as per the Mach-1 user manual. It is strongly 

recommended to do so before each test session.  

Mounting of the Sample Holder on the Mechanical Tester 

5. Secure the testing chamber onto the base of the Mach-1 using 4 screws.  

6. Secure the bottom of the sample holder onto the testing chamber. The screw 

holes should be towards the user. 

7. Screw the top of the sample holder under the load cell. Make sure the pin hole 

faces towards the user. 

8. Create the following test sequence: 

Functions Parameters 

Zero Load No parameter 

Find Contact Stage Axis: Position (z) 

Load Cell Axis: Fz 

Direction: Negative 

Velocity: 0.1 mm/s 

Contact Criteria: 30 gf 

Stage Limit: 30 mm 

Stage Repositioning: None 

Zero Position Stage Axis: Position (z) 

Move Relative Amplitude: -100 mm 

Velocity: 2 mm/s 

Save results as: "GrXX_TeamXX_Plastic.txt" 
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Tensile Testing Kit 
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Mounting of the Polyethylene Sample on the Tensile Grips 

9. Position the two tensile grips (without cylinders) on the assembly plate. 

10. Position the dogbone-shaped polyethylene sample on the tensile grips (without 

cylinders) making sure it is centered. 

11. Screw one cylinder on each grip, making sure the sample is centered and 

perpendicular to the tensile grips. Note. Alternate tightening both screws to 

evenly compress the sample. Do not overly compress and crush the sample. 

12. Carefully remove the sample mounted on the tensile grips from the assembly 

plate. By holding the two grips together, bring the sample to the mechanical 

tester for installation. 

Mounting of the Fixtures on the Mechanical Tester 

13. Screw the first tensile grip onto the interface plate (bottom sample holder). The 

sample should be towards the user. 

14. Carefully take the second tensile grip and align it with the top sample holder. If 

needed, move the vertical stage down using "Manual Controls" until the top 

sample holder reaches the second tensile grip.   

15. Insert the fixation pin to hold the tensile grip and the top sample holder together 

and carefully tighten the attachment screws to secure the tensile grip. 

Tensile Testing of the Polyethylene Sample 

16. Measure the sample thickness using the 

caliper and report the value in table 1. 

17. Click "Execute" to start the test 

sequence.  

18. Once the test is done, remove the 

tensile grips from the bottom and top 

sample holder and dispose of the 

sample.  

  

I S

Mounting of the Plastic Sample on Tensile Grips using Assembly Plate 

Tensile testing of polyethylene 
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Slope  

1. Open Mach-1 Analysis and open the folder path containing the result files. 

2. Select "GrXX_TeamXX_Plastic.txt" in the file list. 

3. Select the "Move Relative" test. 

4. Choose "Fz N" for the Y-axis and "Position (z), mm" for the X-Axis. 

5. From the "Analysis" dropdown menu, select Slope. Move the cursors  to select 

the first linear portion (elastic region) of the curve.  

6. Report the slope in Table 1 at the end of this document. 

Stress-Strain Curve 

7. Open the tension and rupture test Mach-1 result file "GrXX_TeamXX_Plastic.txt" with 

Notepad or an equivalent text software. 

8. Copy the data from the line following <DATA> to the line before <END DATA>. 

9. Paste the data in a spreadsheet software.  

10. Using the dimensions of the sample (thickness, width and length), calculate the 

stress and the strain from the force-displacement data and plot the stress-strain 

curve. Note. A negative force is used by convention in tension within the Mach-1 

Motion software. To obtain a typical stress-strain curve; the negative of the force 

must be used. 

  

I S

First, the slope of the load displacement curve will be extracted using Mach-1 Analysis 

software. Then, a stress-strain curve will be generated from the Mach-1 result file 

generated during the tensile test performed on the dogbone-shaped polyethylene 

sample. This curve will then be analyzed to extract various mechanical parameters 

characterizing the material. 
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SKIN 
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1. Open Mach-1 Motion software. 

2. Using the manual controls, raise the vertical stage to its maximum height using 

"medium" speed. 

3. Create the following test sequence: 

Functions Parameters 

Zero Load No parameter 

Find Contact Stage Axis: Position (z) 

Load Cell Axis: Fz 

Direction: Negative 

Velocity: 0.1 mm/s 

Contact Criteria: 30 gf 

Stage Limit: 30 mm 

Stage Repositioning: None 

Zero Position Stage Axis: Position (z) 

Move Relative Amplitude: -100 mm 

Velocity: 2 mm/s 

Save results as: "GrXX_TeamXX_Skin.txt". 

Mounting of the Skin Sample on the Tensile Grips  

Note: Wear complete protective laboratory gear when manipulating biological samples. 

4. Position the two tensile grips (without cylinders) on the assembly plate. 

5. Using tweezers, position the skin sample with the hair side up on the two tensile 

grips (without cylinders) making sure it is centered.  

6. Screw one cylinder on each grip. Make sure that the sample is centered and 

perpendicular to the tensile grips. Note. All assembly steps must be performed 

cautiously so that no stress is imposed on the center region of the sample. 

Alternate tightening both screws to evenly compress the sample. Do not overly 

compress and crush the sample. 

7. Carefully remove the mounted sample from the assembly plate. By holding the 

two grips together, bring the sample to 

the mechanical tester for installation. 

8. Hydrate the sample with PBS solution to 

ensure it does not dry during the 

procedures. 
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Mounting of the skin sample on the 

fixtures 



 
 

 

MA301-ART01-D v1 LAB MODULE – TENSION AND 
RUPTURE OF SKIN 

Eff. Date: 19Sep2017 
BMMT CC#2017-017 

Prepared by: 

  

 
16 

 

 TESTING PROCEDURES   
S
K
IN

 S
A

M
P

LE
 

Mounting of the Fixtures on the Mechanical Tester 

1. Screw the first tensile grip onto the interface plate (bottom sample holder). 

2. Carefully take the second tensile grip and align it with the top sample holder. If 

needed, lower the vertical stage using "Manual Controls" until the top sample 

holder reaches the second tensile grip.  

3. Insert the fixation pin to hold the tensile grip to the top sample holder and 

carefully tighten the attachment screws to secure the tensile grip. 

 

Tensile Testing of the Skin Sample 

4. Measure the sample thickness using the caliper and report the value in Table 1 at 

the end of this document. 

5. Click "Execute" to start the test sequence. 

6. Once the test is done, remove the tensile grips from the bottom and top sample 

holders and dispose of the sample. 

7. Clean the grips and parts of the mechanical tester that have been in contact 

with the biological sample. 
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Tensile test setup with rat skin sample 
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Slope  

1. Open Mach-1 Analysis and open the folder path containing the result files. 

2. Select "GrXX_TeamXX_Skin.txt" in the file list. 

3. Select the "Move Relative" test. 

4. Choose "Fz N" for the Y-axis and "Position (z), mm" for the X-Axis. 

5. From the "Analysis" dropdown menu, select Slope. Move the cursors  to select 

the first linear portion (elastic region) of the curve. 

6. Report the slope in Table 1 at the end of this document. 

Stress-Strain Curve 

7. Open the tension and rupture test Mach-1 result file "GrXX_TeamXX_Skin.txt" with 

Notepad or an equivalent text software. 

8. Copy the data from the line following <DATA> to the line before <END DATA>.  

9. Paste the data in a spreadsheet software.  

10. Using the parameters of the initial sample (thickness, width and length), calculate 

the stress and the strain from the force-displacement data and plot the stress-strain 

curve. Note. A negative force implies tension for Mach-1 Motion software. To obtain 

a typical stress-strain cure, the negative of the force must be used. 

  

I S

First, the slope of the load-displacement curve will be extracted using Mach-1 

Analysis software. Then, a stress-strain curve will be generated from the tensile and 

rupture test data performed on the dogbone-shaped skin sample. By analyzing the 

different regions of this curve, it will be possible to observe the behavior of skin under 

tension. 
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 SAMPLE DATA  

Table 1: Data from the polyethylene and skin samples 
 

Parameter 
Values for polyethylene 

sample 

Values for skin  

sample 

Sample width 
(mm) 

 

 

Sample thickness 
(mm) 

 

 

Sample length 
(mm) 

 

 

Slope of the 
elastic region 

(gf/mm) 
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 DOGBONE TEMPLATE   
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 QUESTIONS  

Attach the stress-stain graph for each material (polyethylene and skin) to your answer sheet. 

1. a) Polyethylene presents a stress-strain curve with elastic and plastic behaviors, identify 

both regions. Also, identify the Young′s modulus, yield strength, ultimate tensile strength 

and elongation at rupture on the stress-strain graph. 

b) Skin presents a stress-strain curve with elastic (mostly due to elastin fibers), non-linear 

stiffening (due to recruitment of collagen fibers) and almost no predominant plastic 

behavior (hidden by the other behaviors). Identify the Young′s Modulus, ultimate tensile 

strength and elongation at rupture on the stress-strain graph. 

2. If possible, determine the following parameters for both test materials (polyethylene and 

skin). Use the space below to demonstrate your calculations. 

• Young's Modulus (MPa) 

• Yield Strength (MPa) 

• Ultimate Tensile Strength (MPa) 

• Elongation at Rupture (%) 

 
Parameter 

Values for polyethylene 

sample 

Values for skin  

sample 

Young's Modulus (MPa)   

Yield Strength (MPa)   

Ultimate Tensile Strength (MPa)   

Elongation at Rupture (%)   
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 QUESTIONS  

3. Explain the behavior of skin in the initial phase of the stress-strain graph (toe region). 

____________________________________________________________________________

____________________________________________________________________________

____________________________________________________________________________

____________________________________________________________________________

____________________________________________________________________________

____________________________________________________________________________

____________________________________________________________________________

____________________________________________________________________________

____________________________________________________________________________ 

4. Determine 2 sources of error that you think could have been significant during 

experimental manipulations and data analysis. Explain how these could have affected 

your results. 

____________________________________________________________________________

____________________________________________________________________________

____________________________________________________________________________

____________________________________________________________________________

____________________________________________________________________________

____________________________________________________________________________

____________________________________________________________________________

____________________________________________________________________________

____________________________________________________________________________

____________________________________________________________________________ 
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 ADDITIONAL RESOURCES  

Biomomentum's website (www.biomomentum.com) contains more information on tension 

and rupture testing and the Mach-1 mechanical tester. There, you can find case studies as well 

as literature related to this laboratory module. 

 


