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MENG 300 (1 cr . hrs.) 
Solid Mechanics Laboratory 

 
 
Catalog Course Descr iption: Experiments in solid mechanics, testing methods, and 
measurement techniques.  Tension, compression, buckling, bending, and fatigue of 
various structural materials.   
 
Prerequisites: ES302 -  Mechanics of Materials. 
 
Prerequisite Knowledge by Topic: 

1) Statics 
2) Statistical analysis of data 
3) Basic materials science 
4) Concepts of stress and strain; elastic 

stress-strain relationships 
5) Shear and bending moment 

diagrams 

6) Analysis and deformation of 
members subject to axial, torsion, 
bending, transverse and combined 
loading. 

7) Failure theories. 

 
 
Materials:  

q  Beckwith, T. G., R. D. Marangoni, and J. H. Lienhard, “ Mechanical Measurements, 5th ed.” , 
2004. 

 
Course Objectives: Upon completion, the student should be able to 

1) Write an engineering report defining the experimental methods employed, correlate the 
data using the appropriate parameters, and draw valid technical conclusions based on the 
acquired data. 

2) Know how to use electrical resistance strain gages with a Wheatstone bridge to measure 
various types of strain. 

3) Convert the strain measurements to appropriate stress level and predict failure of the 
components. 

4) Verify the theories of solid mechanics through compressive, tensile and bending testing. 
 
Laboratory experiments: 

q  Experiment #1:  Measurement of force/load – Operation of MTS servo-controlled 
testing machine, calibration of load cells. 

q  Experiment #2:  Measurement of deformation/displacement – extensometers and 
linear variable displacement transformers, calibration procedures. 

q  Experiment #3:   Installation of Electrical resistance strain gages on compression 
test samples 

q  Experiment #4:    Compression testing of samples with attached strain gages 
q  Experiment #5:    Flexure Experiment (1)  
q  Experiment #6:    Flexure Experiment (2) 
q  Experiment #7:    Combined torsion and Bending of hollow tubes. 
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Relationship of Course to ABET Program Outcomes for  Mechanical Engineer ing 
 
 None  Low  High 
a). An ability to apply knowledge of mathematics (including multivariable calculus, 

differential equations, linear algebra and statistics), science (including chemistry and in-
depth calculus-based physics), and engineering 

    X 

b). An ability to design and conduct experiments, as a well as to analyze and interpret data     X 
c). An ability to design and realize a thermal or mechanical system, component, or process to 

meet stated objectives 
  X   

d). An ability to function on multi-disciplinary teams   X   
e). An ability to identify, formulate and solve engineering problems     X 
f). An understanding of professional and ethical responsibility X     
g). An ability to communicate effectively     X 
h). The broad education necessary to understand the impact of engineering solutions in a 

global and societal context 
X     

i). A recognition for the need for, and an ability to engage in life-long learning X     
j). A knowledge of contemporary issues X     
k). An ability to use the techniques, skills, and modern engineering tools necessary for 

engineering practice 
    X 

 
Contr ibution of course to meeting the professional component 
 

 None  Low  High 
Mathematics     X 
Basic Sciences     X 
General Education X     
Laboratory Experience     X 
Engineering Science     X 
Engineering Design   X   
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Solid Mechanics Laboratory 
Introduction: 
 
This class will address various aspects of testing of a solid/structural system. A structure 
can be a large system (building, bridge, ship, or aircraft) or it can be something as small 
as a mechanical robotic actuator or an electronic component made to fulfill multiple 
functions. For example, a building structure has the primary function of withstanding 
external loads (self-weight/dead, superimposed/live, wind, seismic etc.), while providing 
the users with safety and comfort from the effects of external loads, from shock and 
vibration, acoustics, thermal, radiation etc. The building is also required to be 
aesthetically pleasing. Through testing, the response of the structure under applied loads 
(force, pressure, temperature, shock, vibration and other loading conditions) is 
determined. It is also common for a structure to be required to fulfill new, different or 
extended functions after it has been designed and built. Most structural testing is 
considered to be an art performed by experienced engineers who are familiar with the 
structure, who will then evaluate and interpret the test results based on their knowledge 
and experience as much as through prescribed procedures and formulae.  
 
In this class, an effort is made to present this knowledge of structural testing in a 
systematic manner by performing 7 experiments.  

 
Objectives of Exper iments 

 
Experiment #1:  Measurement of force/load – Operation of MTS servo-controlled testing  

machine, calibration of load cells. 
 
Objective:    Two tensile load cells are mounted in the MTS Testing machine connected 
in series with a calibrated load cell. The output of the two load cells is compared with that 
of a calibrated load cell as load is applied in several steps to the maximum load for which 
the tensile load cells are designed (10,000 lbs). The students are asked to plot the output 
results and find the percentage error, relative to the maximum output of 10.00 volts. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Compression testing on a 
cylindrical specimen made 
of brass. Four strain gages 
are installed to the cylinder 
surface to measure both 
axial and lateral 
deformations while the axial 
load is measured by the load 
transducer (the blue 
cylinder). 



 4 

Experiment #2:  Measurement of deformation/displacement – extensometers and linear 
variable displacement transformers, calibration procedure. 

 
The objective of Experiment #2 is to familiarize the students with the displacement 
measuring devices and the procedure involved in calibrating them. A Mitutoyo 
calibration micrometer with a range of 0-50 mm and read-out least count of 0.005 mm is 
used for the calibration purpose.  
 

 
Experiment #3:  Installation of Electrical resistance strain gages on compression test 

samples. 
 
The purpose of this experiment is to familiarize the students with the principles of electrical 
resistance strain gages and how they are installed to the surface of a specimen. Cylindrical 
specimen made of brass, stainless steel and aluminum are used. Four strain gages (two axial 
and two lateral) are installed on each cylindrical specimen. 

 
Experiment #4:    Compression testing of samples with attached strain gages 
 
The goal of this lab is to study the deformational behavior of stainless steel, aluminum 
and brass cylindrical specimens that were prepared in experiment #3. MTS Testing 
system is used to uniaxially compress these specimens. Axial and transverse strains and 
axial loading are measured. A data acquisition system is used to collect the data. The 
students are required to study the resulting strain-stress curves and to obtain the modulus 
of elasticity, Poisson’s ratio, permanent strain and yield stress. 
 
Experiment #5:    Flexure Experiment (1) 
 
Aluminum beams with preinstalled strain gages are used in bending tests to measure the 
modulus of elasticity and study the principal strains and stresses.  Vishay P-3 strain 
indicator is used as a signal conditioner in this lab. The objective is to show to the 
students that by measuring strain in 3 arbitrary directions, principal strain and stresses can 
be obtain in a two dimensional elasticity problem. 
 
Experiment #6:    Flexure Experiment (2) 
 
Aluminum beams with preinstalled strain gages are used in bending tests to measure 
Poisson’s ratio and to investigate stress concentration around a circular hole. The 
objective of this lab is to show the students that sharp change in material geometry can 
cause stress concentration. 
 
Experiment #7:    Combined torsion and Bending of hollow tubes. 
 
The test is intended to show how two rectangular rossetts can be used to measure both 
bending and torsional strain in a hollow aluminum tube. The students are required to 
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compare the measured stresses with the theoretical values obtained from elementary 
strength of material and discuss the sources of the errors. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Some Photos that can accompany the above web description. 
 
 
 

Station manager for 
controlling a test with 
the Flex Test SE 
controlled. 

 

   

 

 


