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https://gab.wallawalla.edu/~curt.nelson/engr325/lecture/omega_dyneNH_SG.pdf
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Applications

Stress vs. Strain
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• A typical stress-strain curve for mild steel.
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• When a force is applied to a structure, the components of the structure 
change slightly in their dimensions and are said to be strained. Devices 
that measure these small changes in dimensions are called strain 
gauges.

• Strain (e) is a measure of displacement, usually in terms of micro-strain 
such as micro-inches of elongation for each inch of specimen length.

• Stress (s) is a measure of loading in terms of load per unit cross-
sectional area.

• Using Hooke’s Law, stress and strain are related by a material property 
known as the Young’s modulus, or modulus of elasticity, E:

Ees =

Stress vs. Strain

Strain has units of inches per inch or millimeters per millimeter and 
hence is dimensionless. In most structures, the values of strain are 
usually very small. For example, a low-strength steel will yield (take a 
permanent deformation) at a strain of only about 0.0014. As a result, it 
is common to talk about strain in units of micro-strain. Thus, a strain of 
1400 !strain is an actual strain of 0.0014

Measuring Strain
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Strain is defined as relative elongation in a particular direction.

ea= dL/L (axial strain)

et= dD/D (transverse strain)

u = et / ea (Poisson’s ratio)
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Types of Strain

The electrical resistance of a conductor changes when it is subjected to a 
mechanical deformation.
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Rbefore < Rafter

How Strain Gauges Work
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R= r* L/A

• Electrical Resistance (R) is a function of:

r the resistivity of the material (Ohms·m)
L the length of the conductor (m)
A the cross-sectional area of the conductor (m2)

• R increases with:

• Increased material resistivity.
• Increased length of conductor.
• Decreased cross-sectional area.
• Increased temperatures (can bias results if not accounted for).

Strain Gauge Resistance Changes
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So, the axial strain is given by …R
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Gauge Factor (GF) - Summary

• Gauge factor (GF) is the ratio of relative change in electrical 
resistance R, to the mechanical strain εa:

• It is also calculated using Poisson’s ratio µ

• GF is a number provided to you by those who manufacturer 
strain gauges.
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• Strain gauges come in many forms and types. 

• Any material, combination of materials, or physical configuration that 
changes its resistance due to strain constitutes a strain gauge. 

• We will restrict our discussion to two types that account for most of 
the strain gauges in use today: 

• Wire (or metal) strain gauges – resistive.
• Semiconductor strain gauges. 

Strain Gauges

Common Strain Gauge Materials
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• Built out of a thin layer of conducting material.

• Deposited on an insulating substrate (plastic, ceramic, etc.).

• Etched to form a long, meandering wire.

• Constantan (60% copper, 40% nickel) is the most common material.

• Negligible temperature coefficient of resistance.

Resistive Strain Gauges

Two-Axis Strain Gauge
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Membrane Rosette Strain Gauge

• Operate like resistive strain gauges.

• Construction and properties are different.

• The gauge factor for semiconductors is much higher than for metals.

• Semiconductor strain gauges are much smaller than metal types.

• Often more sensitive to temperature variations, requiring temperature 
compensation.

Semiconductor Strain Gauges
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• The most common material is silicon because of its inert properties 
and ease of production.

• The substrate provides the means of straining the silicon chip and 
connections are provided by deposition of metal at the ends of the 
device.

• One of the important differences between conductor and 
semiconductor strain gauges is that semiconductor strain gauges are 
essentially nonlinear devices with a quadratic transfer function.

Semiconductor Strain Gauges
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• The Wheatstone Bridge Circuit is a means of transforming resistance 
change to voltage change. This will give us the strain calculated directly 
from:

• When the bridge is balanced, E0 = 0

Measuring Strain With a Wheatstone Bridge
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Temperature in-sensitive.

Common configuration.
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Wheatstone Bridge Circuit

• 3-wire configuration addresses 
lead wire resistance issues.

• Half-bridge configuration – with 
a dummy gauge mounted 
transversely addresses gauge 
sensitivity to surface temperature.

Strain Gauge Bridge Enhancements
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You must either know the load P or the displacement, v(x).

Determine displacement (v) at x = a

Knowing beam dimensions and material (and hence EI) estimate the load. 

Calculate stress at location of gauge

Calculate e from s = eE
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Figure 2. Cantilever beam under load. 

Beam length, L 
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Loaded Cantilever Beam Example
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• When the cantilever beam is “plucked” it will respond as a damped 
2nd order system. The amplitude of vibration has the general form:

• Where the damped frequency (what you measure) is related to the 
natural frequency (wn) by:

• The damping ratio (zeta) can be determined by curve-fitting the 
plot. 
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Cantilever BeamApplication
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The natural frequency of a uniform beam is given by:

E is the modulus of elasticity, I is the moment of inertia about the centroid 
of the beam cross-section (bh3/12), m’ is the mass per unit length of the 
beam (ie kg/m), and L is the cantilevered beam length.
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Natural Frequency of Plucked Beams

 

Figure 2. Cantilever beam under load. 
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• Stress and strain are related through Hooke’s law.

• Axial and transverse strain are related by Poisson’s ratio.

• Gauge factor (GF) is the ratio of relative change in electrical 
resistance, R, to the mechanical strain ε.

• Looked at resistive and semiconductor strain gauges.

• Wheatstone bridges are used for converting strain to voltage.

• Temperature compensation.

Summary


