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Experiment One: Creep Test on Wires 

Reference: Chapter 15 pp. 261-273 

 

Introduction 
A loaded member will deform 

elastically if stressed below the proportional 

limit and will, theoretically, also deform in 

elastically over the plastic range if the load is 

kept on for some time.  The amount of inelastic 

deformation will vary with the material 

composition, with time duration and magnitude 

of loading and with the temperature to which the 

member is exposed.  Structural metals, for 

example, loaded at ordinary indoor/outdoor 

temperatures, creep so slowly that the effect can 

be neglected.  Reinforced concrete will creep a 

noticeable amount in a few years. 

We will test a lead-tin solder alloy, 

which will creep fast enough at room 

temperature to give measurable deformations 

during the time available to this course.  The 

instructor will help the group set up the 

specimen; the students will read the data on 

every weekday according to some fixed 

schedule.  Later in the semester, we will plot the 

data and discuss the results. 

 

Laboratory Procedure 
A piece of solder wire will be attached 

to a metal chuck.  A weight will be attached to 

the other end.  Be very careful not to kink or 

scratch the solder.  Mark two narrow lines with a 

felt pen or tap, approximately 12 to 15 inches 

apart on the solder.  Record the following data 

on a sheet posted near the specimen. 

 
A.  Type of solder alloy, if known 

B.  Original diameter 

C.  Weight placed on specimen 

D.  Date and time of reading 

E.  Distance between marks (used same 

measuring device each day) 

F.  Room Temperature 

G. Name of the person taking the data 

 

Note: It may be useful to mark the wire with a 

thin piece of tape or to secure the wire with one 

mark in the chuck. Over time, the sharpie mark 

might fade and may not be visible for accurate 

readings. 

 

Report Procedure 
A. Graph:  Plot a graph of creep 

deformation versus time (in days); label 

on the graph the three stages of creep for 

constant load if they are evident. 

 

B. Questions for you to consider when you 

are studying: 

1. Consider how variation in 

temperature might influence your 

creep deformation versus time 

curve.  Was this significant in your 

actual experiment? 

2. Do our experiments involve 

“relaxation”? 

 

Materials: 

1. 50/50 tin-lead solder 

2. Lead free solder 

3. 95/5 tin-antimony solder 

 

 

 

 

 

Loading Conditions: 

Material/Alloy 
Weight Applied 

Temperature 
Group 1 Group 2 

50/50 tin-lead solder   Ambient laboratory 

temperature as 

recorded daily 
Lead free solder   

95/5 tin-antimony solder   
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Creep Test Data Sheet 

Type of Alloy:   Original Diameter   Weight (g) 

Name Date Time Temp (C) Distance Between Marks 
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Table 6-6 Data from a Creep Test 

Time 

(h) Strain (in/in)    

0 0.003    

250 0.006    

1000 0.009    

2250 0.012    

3500 0.015    

4750 0.018    

6000 0.021    

7100 0.024    

7500 0.027    

7750 0.030 fracture   

 

 

Figure 6-6 
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Experiment Two: Tension Test 

Reference:  Chapter 8 pp. 25-150 of GE207 text by Davis, Troxell & Hauck 

  Chapter 2 pp. 39-49 of GE206 textbook by Beer & Johnston 

 

 

INTRODUCTION 
The tension test is one of the basic 

methods used in evaluating the fundamental 

mechanical properties of a material to be used in 

design.  To effectively design an engineering 

member to perform a specified purpose, it is 

necessary that the properties which characterize 

reaction of the material from which the member 

is made are obtained from stress-strain diagrams 

which are compiled from the resultant data of 

the standard tension test performed on the 

material.  

In this experiment, the student will 

perform a tension test on three different 

materials.  From the tension test results, the 

strength and several elastic and non-elastic 

properties of the materials will be determined.  

Also, from the result, the material behavior 

during failure can be evaluated; ductile, brittle, 

and tough failure. 

 

LABORATORY PROCEDURE 
In this experiment, the student will perform 

a tension test on three different materials: 

Carbon steel, Aluminum and Plastic.  A 

specimen of each material will be loaded in the 

Tinius Olsen Tester.  Load and corresponding 

deformation will be automatically generated and 

recorded in the Tinius Olsen machine for each 

sample tested.  

 

• Steel – continuously 

• Aluminum – continuously 

• Plastic – continuously 

 

The extensometer can be attached to the 

specimen to measure the elongation of the 

specimen. It is important to note to select the 

correct program in the Tinius Olsen Machine so 

it will pause the test to remove the extensometer. 

Not removing the device may damage it. 

Stress versus strain relationship will be 

plotted from these data to obtain additional 

information required for the evaluation of this 

experiment.  The Tinius Olsen Machine will plot 

force versus position. It will also output 1,000 

data points to be used in calculations to give a 

good comparison against the reference values 

for the following: 

 

• Modulus of Elasticity, E (psi) 

• Elastic Limit 

• Yield Strength 

• Ultimate Strength 

 

For each specimen, record the initial length 

and cross-sectional area. The length should be 

measured between the base of the flanges on the 

center of the specimen. Take necessary photos 

of the specimens after failure to also include in 

your report. Compare the empirical values that 

were calculated, and the references values 

mentioned above for accuracy. Calculate offset 

for yield strength (%) for each material. Ensure 

the results make sense and comment on any 

possible sources of error. 
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Experiment Three: Compression Test on Wood 

Reference: Chapter 9 “Static Compression” 

and Chapter 20 “Wood”. 

 

Introduction:  
 Wood is a non-metal of biological 

origin, often used in structures.  The cross 

section of wood is not homogeneous, contains 

defects, such as checks, cracks, knots, warp, 

decay, shakes, and so on.  The material 

properties of wood vary a great deal more than 

those of metals.  Because of the variation in 

materials properties as well as lack of 

understanding, wood is often misused, or used to 

less than its full capacity.  In this lab, you will 

test several samples of typical “hard” wood and 

a typical “soft” wood.  The numbers of 

specimens and species of wood will vary from 

one semester to another.  The instructor will 

provide information on the specimens used. 

 

Instructions 
1. Measure and record the original lengths 

and cross-sectional dimensions of each 

specimen. 

2. Place the specimen in the Tinius Olsen 

Testing Machine and attach 

instrumentation as instructed. 

3. Apply a gradually increasing axial 

compression load to the sample 

continuously to failure. 

4. The loads and the corresponding 

deformation readings are automatically 

generated and recorded in the Tinius 

Olsen Machine. 

 

Instructions on how to properly use the Tinius 

Olsen Machine are located in the appendix. 

 

Note: If the specimen shatters abruptly, the 

test is clearly over.  If the specimen develops a 

shear failure on an angular plane, stop before 

destroying the specimen.  Sketch the specimen 

in the failed condition. 

 

Evaluations 
1. Graphs- Plot a Stress-Strain Diagram for 

each Test  

2. Computations for all specimens 

• Properties: Using your graphs determine 

if possible 

a. Modulus of Elasticity 

b. Yield point or Yield Strength 

(Based on 0.1% Offset) 

c. Ultimate Strength (if the 

specimen actually broke) 

• Also compare the values with 

corresponding values from a reference 

text.  If any value cannot be determined 

from your test enter “not determined.” 

 

The appendix contains the necessary 

information for various wood types. 

 

Note 
 Do your values for the properties make 

sense?  For example, if your value of E for wood 

is 4*106 PSI, something must be wrong.  You 

may not be able to find the error, but you must 

be able to recognize whether your experimental 

values are “in the correct ballpark” or not.  

Comment as necessary. 

 

Comparison of Behavior in Tension and 

Compression 
 For each of the materials tested and for 

each of the following properties: 

1. Modulus of Elasticity 

2. Yield point or Yield Strength 

3. Ultimate Strength  

 

Would you expect compressive tests values to be 

higher than, lower than or equal to the tensile 

values?  Consult your text, as we did not verify 

all these items in our testing program. 
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Experiment Four: Shear Force in Beams 

Reference: TQ Student guide (Next five pages) 

 

List of Tasks: 
1. Perform Experiment 1 “Shear Force 

Variation with Increasing Load” as 

directed in the Student Guide. 

2. Perform Experiment 2 “Shear Force 

Variation with Various Load 

Conditions” as directed in the Student 

Guide. 

a. In the case of Experiment 2 part 

a, repeat for the 0.98N, 1.96N, 

2.94N and 4.9N loads. 

3. Develop a diagram representing the 

variation in the shear force measured at 

the cut, C, as a fixed unit load moves 

from one end of the beam to the other.  

Do this by plotting the magnitude of the 

shear force as ordinate at the point of 

application along the beam.  Use this 

diagram to estimate the magnitude of 

the shear force at C from a 10N load 

180mm to the right of the support A.  

Discuss your results. 
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Experiment Five: Torsion of Circular Sections 

Reference: TQ STR6 Torsion of Circular Sections: Student guide (Next six pages) 

 

 

Troubleshooting 
In experiment 3, there may be some issues 

attempting to get the brass tube to 4 or 5 N since 

the angle adjustment may max out. In order to 

solve this issue, rotate the thumbscrew until it no 

longer makes contact with the angle readout. 

Raise the pointer arm until it is all the way up. 

Rotate the thumbwheel until the force readout 

reads 0.3 N. Reposition the pointer arm to 0-

degree readout. Then continue the experiment 

like normal. The idea is to give the maximum 

possible distance to change the angle.  
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Experiment Six: Charpy Impact Test/Ductile to Brittle Transitional 

Temperature Test 

Introduction 
 In this lab we will be using the Charpy 

Impact Test to investigate two phenomena: 

1. The influence of carbon content and 

strain hardening on the impact strength 

of plain carbon steel. 

2. The influence of temperature on the 

impact strength of steel and the 

influence of a sharply defined ductile to 

brittle transition temperature for some 

ferrous metals. 

 

Laboratory Procedure 
In this lab, 3 different materials will be 

tested at 4 various temperatures. The materials 

selected will be up to the instructor. One of each 

specimen will be tested at 4 different 

temperatures after being placed in dry ice, 

boiling water, ice water, and left at room 

temperature. Since the sample pieces are quite 

small, they should change temperature 

moderately quickly to match the medium it is 

placed in. However, this also means that it will 

try to approach room temperature moderately 

fast, so you must work quickly and carefully. 

When handling the specimens, wear gloves and 

use tongs. 

Each of the specimens have a notch cut 

out in the test piece. When placing the test piece 

in the Charpy Test, ensure you place the notch 

facing away from the point of impact from the 

swinging pendulum.  

Place 1 specimen from each material in 

the boiling water, dry ice, and ice water. Leave 

the last specimen on the counter. Bring water to 

a rolling boil in a container and keep it boiling. 

Place a temperature probe in the boiling water 

and the ice water to measure the temperature of 

the water. Record the temperature of the room as 

the temperature for the room temperature 

specimens. For this lab, it is extremely difficult 

to accurately measure the specimen temperatures 

since they are small. We will assume the 

temperature of the medium is the temperature of 

the specimen. Keep in mind this is not entirely 

accurate since the temperatures will change 

when removing the specimens from the medium 

over to the test. That is why you must move 

quickly. The average temperature for dry ice is   

-109° F. Before testing, ensure you have 3 

different specimens in each medium, producing 

12 different tests, that have been allowed enough 

time to come to the temperature of the medium it 

is in, or close to it.  

When testing, remove the specimen 

from the medium with the tongs, and place on 

the ledge in the Charpy test with the notch 

facing away from the impact spot as centered as 

possible. Remember to move quickly. Raise the 

pendulum all the way to the top, to lock it in 

place. Have someone keep a hand close enough 

to the pendulum to catch it in case it does not 

latch, and it falls and hurts the person attempting 

to place the test. Set the dial indicator to 15 J. 

Ensure everyone is clear and drop the pendulum. 

Collect the pieces of the specimen and record 

the fracture area and the impact energy readout. 

Calculate the impact strength (KCU). Make 

notes on how the specimen fractured, if it did. 

Do this for all 12 tests. In your report, mention 

possible sources of error for this experiment.  
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Table 1 Charpy test data 

Temperature 

Stage 
Material 

Temperature 

(°F) 

Impact 

Energy (J) 

Fracture Area 

(cm^2)  

Impact 

Strength 

(KCU) 

Dry Ice 

  -109       

  -109       

  -109       

Ice Water 

          

          

          

Room 

Temperature 

          

          

          

Boiling 

Water 
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Appendix 

Wood Tables [1] 
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Tinius Olsen Manual 
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