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Abstract Residual stresses in the constructions have in most cases a negative effect on their overall life. Large

numbers of investigations have been carried out to study this phenomenon and its effect on the mechanical
characteristics of these constructions or their components. Hole-drilling method is one of the most used methods
used for the determination of residual stresses. This method typically uses strain gauges. This article describes
options of using optical methods instead of strain gauge in the process of evaluation of residual stresses by holedrilling method.
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1. Measuring Residual Stresses by
Hole-drilling Method Together with
Optical Methods
In the 1980s and 1990s were for the first time used
optical methods for measuring strains together with the
hole-drilling method. In comparison with strain gauges the
optical methods provide more comprehensive data. Strain
gauge rosettes (Figure 1) gives the deflections in just three
directions, in contrast, optical methods provide full-field
data, which enable the possibility for data averaging, error
checking and extraction of detailed information (Figure 2).
Figure 2. Comparison of areas measured by a) strain gauge, b) optical
methods [7]

Currently, in the hole-drilling method is examined the
use of three different optical methods, namely: Holographic
Interferometry, Digital Image Correlation (DIC) and
PhotoStress.

1.1. Holographic Interferometry

Figure 1. a) Conventional hole-drilling method with the strain gauge
rosette

Holographic Interferometry (Figure 3) is a method that
is used for measuring surface displacements around
drilling hole. Its modern variant, Electronic Speckle
Pattern Interferometry (ESPI) [1], has become popular
because it uses a digital camera that displays real-time
image of the fringe patterns.
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An example of ESPI with hole-drilling method is
displayed on Figure 4. It is the automatic, computer
controlled measuring system PRISM developed by
Stresstech. It is able to realise the measurement of the
residual stresses in a very short time, on any material, with
accuracy of 7 MPa. Figure 5 schematically shows the
measuring system PRISM [2].

1.2. Digital Image Correlation
Figure 3. Holographic interferometry set-up [7]

With the ESPI is possible to measure the plane or
spatial displacements of the surface, and also the slope of
the surface, depending on the optical configuration used.
An important advantage of ESPI is the fact that it allows
to realise the measurement of the specimen surface
without a diffraction grating. This makes measurements
by ESPI faster than the method using the diffraction
grating. This advantage gives ESPI a better preconditions
as a tool for industrial quality control.

Figure 4. Measurement of the residual stresses by the PRISM system [2]

Figure 5. Schema of the measuring system PRISM [2]

Digital Image Correlation (DIC) is another optical
measuring method used with hole-drilling method for
measuring the residual stresses (Figure 7). In DIC method
is created a random black and white pattern on the surface
of the specimen that is observed by one or several digital
cameras with high resolution. If only one camera is used,
it must be perpendicularly directed to the investigated
surface, and it records the image of the surface before and
after the deformation. In correlation process the images
before and after deformation are compared. Based on the
differences between both images, relative displacements
in the two in-plane directions are determined. The
combination of the appropriate algorithms and
appropriately calibrated optical system, allows to resolve
displacements of ± 0.02 pixels.

Figure 6. Example of measuring the deformation by DIC with two
cameras

Figure 7. Example of measuring DIC and hole-drilling method
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Usage of two cameras allows DIC to get a 3D image of
displacement (Figure 6). Such 3D image provides more
detailed information on the out-of-plain deformation of
the surface, which can help to increase the accuracy of
residual stress measurement [3].

1.3. PhotoStress Method
PhotoStress method is a widely used technique for
measuring surface deformations and stresses on specimens
during static or dynamic loads. It is used either on
transparent materials, or the special stick-optically
sensitive photoelastic coating is applicated to the surface
of the observed specimen. This layer after loading of the
specimen and subsequent illumination with polarised light
from the reflecting polariscope shows the distribution of
stresses and deformations in the form of colored
photoelastic stripes.
PhotoStress method uses optical-mechanical properties
of photoelastic materials to determine the main direct
stresses respectively major strains on the tested specimen´s

surface. The measurement is taken by reflective
polariscope such as LF / Z-2 (Figure 8). Quantitative
values of major strains or stresses can be obtained by
software applications, e.g. PSCalc ™.
Reflective polariscope LF/Z-2 is a complex optical
instrument to perform quantitative measurement of the
principal stresses or strains by PhotoStress method.

Figure 8. Reflective polariscope LF/Z-2

Figure 9. Measuring chain used for the measurement of residual stresses by the hole-drilling method and PhotoStress method

Optical part of the polariscope consists of a linear
polarizer and quarter-wave plate, which serves as a source
of polarized light to illuminate the photoelastic coatings.
The second optical unit includes a linear polarizer and the
quarter-wave plate which functions as an analyzer through
which photoelastic patterns on the coating under a load are
observed [4].
PhotoStress method can be used in combination with
the hole-drilling method, when unloaded photoelastic
material is drilled and released residual stresses are
observed by polariscope in the form of colored
photoelastic stripes.
The measuring chain composed of the hole-drilling
device RS – 200, the reflective polariscope LF/Z-2 and the
evaluation parts is displayed in Figure 9 [4]. Figure 10
shows the example of the measurement of residual stresses
that has been made on the author´s department [6].

1.4. Comparison of Strain Gauge and Optical
Measurements

Figure 10. Example of measurement of the residual stresses by the
hole-drilling method and PhotoStress method

Residual stress measurement using optical methods
compared to the strain gauge method has its advantages,
but also disadvantages. In Table 1 summarizes the
comparison of the two basic principles.
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Table 1. Comparison of strain gauge and optical measurements [7]
Strain gauge measurements
- moderate equipment cost, high per-measurement cost,
- significant preparation and measurement time,
- small number of very accurate and reliable measurements,
- stress calculations are relatively compact,
- modest capabilities for data averaging and self-consistency checking,
- relatively rugged, suitable for field use,
- sensitive to hole-eccentricity errors.

Strain gauge methods for the measurement of residual
stresses have been used for several decades and are
accepted as a reliable technique for measuring deformations.
Optical methods are relatively new and still improving.
Optical methods are capable to provide much more data,
which may increase the accuracy and reliability of
evaluating residual stresses. On the other hand, optical
methods have much more difficult implementation
conditions than strain gauge methods that are commonly
used in the field. There is also a significant difference in
the cost of applying both methods. Strain gauge methods
have lower initial investment, but the costs of each single
measurement in terms are higher than in the optical
methods.

2. Conclusions
Use of optical measuring method with hole-drilling
method for analysis of residual stresses, is still in
development. Currently there are no widely available
commercial systems allowing to make such measurements.
Challenging conditions that have to be ensured in optical
methods, limit their usage for laboratory conditions
mainly. Since measurement using strain gauges can be
used without significant restrictions even in the field,
therefore measuring residual stress by strain gauges will
have a permanent place in practice.
University department where the authors works has rich
experience in using strain gauges with hole-drilling

Optical measurements
- high equipment cost, moderate per-measurement cost,
- preparation and measurement time can be short,
- large number of moderately accurate measurements available for averaging,
- stress calculations often quite large,
- extensive capabilities for data averaging and self-consistency checking,
- less rugged, more suited to lab use,
- hole center can be identified accurately.

method for measuring residual stress. It also researches
the possibility of using optical methods for determining
residual stresses with hole-drilling method.
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