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1 INTRODUCTION 

Considering service life operating conditions, self-induced volume changes caused by 

shrinkage assume significant importance as the corresponding stresses associated to 

volumetric restraint may lead to the formation of shrinkage cracking. The quantification 

of those volume changes is of great importance for the achievement of a better 

understanding of these phenomena. In view of this topic, the development of low-cost 

solutions based on optical microscopy for long-term concrete strain measurement is a 

relatively unexplored field. In the context of this research project, shrinkage 

measurement in concrete or cement pastes assumes great significance. Considering that 

some of the tasks envisaged for this research project demand for extensive need for 

shrinkage measurements, it was considered strategic to devise a simple and reliable 

solution for measurement of shrinkage strains, without contacting the specimens, based 

on the use of a USB microscope. 

The referred measurement system can as well be adapted and used as a non-destructive 

tool for inspection of concrete structures, not only in regard to strain and displacement 

measurements, but as well for assessment of crack widths since crack initiation, which 

is an important parameter for structural diagnosis. The present report is devoted to 

describing the process of implementation and testing of this measurement system, 

demonstrating the feasibility of the proposed measurement system through practical 

applications, while highlighting the aspects that still require improvements and further 

developments. 

Keywords: strain, displacement, microscopy, creep, shrinkage, cracking 
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2 DEVELOPMENT AND CALIBRATION OF THE PROPOSED 

MEASUREMENT SYSTEM 

2.1 The USB microscope 

The basic component of the measurement system is a low-cost USB microscope (see 

Figure 2.1), produced by Veho, which can capture images, as well as videos, at 

2 Megapixel resolution (still pictures up to 1600 by 1200 pixels interpolated; videos, 

with up to 1280 by 960 resolution). The configuration of this microscope does not allow 

specific focus adjustments: it solely has one dial that advances/retracts the lens, and 

focus (i.e. sharp images) can only be found at two specific amplification magnitudes of 

approximately 20× and 400×. Illumination of the analyzed object can be achieved with 

8 LEDs located around the lens, with adjustable intensity. In terms of microscope 

positioning and fixation, the product comprises an adjustable base that allows 

maintaining the microscope at a desirable position and angle. The connection between 

the microscope and its base is guaranteed by two slots underneath the microscope. Even 

though the microscope works as a webcam, and any software can be used to handle it 

through a computer, there is a specific software supplied by the producer, called 

MicroCapture, which is of very simple handling and allows post-processing and 

exportation of images. 
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Figure 2.1 – Veho Dicovery USB microscope 

The following pictures (see Figure 2.2) show the potential of this low-cost USB 

microscope. Looking first at the ordinary photo of the object to be focused (a 

Portuguese citizen card) and then at the following images that were taken through the 

microscope (focusing the SIM chip), exemplifying the two possible levels of 

magnification that this microscope allows, it is perceptible that, for something that costs 

only circa 60.00 € (price in 2012) the quality of the captured images look fairly 

promising and clearly justify the investment. 

   
a) b) c) 

Figure 2.2 – Pictures taken with the microscope: a) taken with an ordinary camera; b) 

microscope under 20× magnification; c) microscope under 400× magnification 

Figure 2.3b shows the SIM chip observed through a much powerful optical microscope 

from the Laboratory of Thin Solid Films of University of Minho (see Figure 2.3a). 

Although the images taken with this microscope have superior quality (see Figure 2.3b) 

in comparison with those taken with the USB microscope, the USB microscope has 
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advantages related to its cost and the mobility that can would otherwise render it 

difficult or even impossible to use in the context of laboratory and in-situ measurement 

of shrinkage. 

  

a) b) 

Figure 2.3 – Using an optical microscope a) The optical microscope; b) The SIM chip 

visualized through the optical microscope 

 

2.2 Microscope calibration 

2.2.1 Preliminary tests 

After purchasing the microscope, a few preliminary tests were done, in which the 

feasibility of using the microscope as a tool for displacement measurement was 

assessed. The experiment involved the imposition of relative displacements between 

two rulers, which where simultaneously measured with recourse to a LVDT and to the 

USB microscope. These initial approaches led to the awareness of some of the 

microscope’s limitations and to the setting up of an experiment that was used as part of 

a blind test that will be explained on Section 2.3. 

One of the great limitations found while conducting these preliminary tests was the lack 

of sharpness existent in the used objects (0.5 mm rulers). The microscopic image of the 

rulers used in these experiments, which seems to have sharp lines when observed by 



8 

naked eye, did not result well as the markers of 0.5 mm were rather thick and their 

boundaries were imprecise. These facts made it difficult to ascertain a “pixel to meter 

ratio”, thus jeopardizing the accuracy of the measuring method. The following section 

of this chapter explains how this problem was handled, with recourse to object or stage 

micrometres, which are rulers at a microscopic scale that were used for microscope 

calibration that needed to be done in order to possibly achieve a precision of 0.001 mm 

(1 m), equal to other precise measurement systems like displacement transducers or 

strain gauges, that could offer trustworthy results. 

2.2.2 Pixel-micron correlation factor in the USB microscope 

In view of the problems encountered in the preliminary tests, a metrological calibration 

of the microscope image was intended. For such purpose, an optical microscope of 

higher power that the USB microscope was used, together with a micrometric ruler with 

0.010 mm (10 m) divisions. Together with these additional tools (better optical 

microscope and micrometric ruler), available at the Physics Department of the 

University of Minho, a series of calibration procedures were carried out, with particular 

emphasis on obtaining a low-cost micrometric ruler. For this purpose, several objects 

were analysed with the microscopes, until an object was found that simultaneously 

satisfied the following conditions: 

 It should be a flat object; 

 It should contain straight lines with a width that could fit inside the microscope’s 

field of view at its maximum magnification power. 

By having such calibrated object in the field of view of the USB microscope every time 

a measurement is taken, it is possible to make a check on the actual size of each pixel 
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(in micrometres) and eventually re-calibrate any “pixel to meter constant” (as the 

distance between the microscope and the object to be measured can be slightly changed 

due to the relative positioning in regard to the measured object). 

Among the visualized objects, the one that satisfied the specified conditions and 

provided the sharpest details when observed through the USB microscope was the 

Portuguese Citizen Card, with special emphasis on the chip that is embedded in the 

citizen card. Figure 2.4 shows that the black lines engraved on the SIM chip have a 

sharp finish and a constant width when compared to the 0.5 mm rulers. 

  

a) b) 

Figure 2.4 – Sharpness comparison between two objects that were visualized under 

maximum magnification power: a) Ordinary 0.5 mm steel rulers; b) Portuguese citizen 

card SIM chip 

The images showing the sharp lines in the SIM chip of the citizen’s card needed to be 

evaluated in terms of thickness, as to make them eligible for calibrating objects for the 

USB microscope. High precision was required, as well as accurate measurement 

systems. For such purpose, the chip was taken to the Laboratory of Thin Solid Films of 

Minho University where measurements were made with a micrometric ruler (precision 

of 0.01 mm). The micrometric ruler is shown in and Figure 2.5, placed on top of the 

SIM chip. The little circumference contains the “microscopical ruler” in its centre that 
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consists basically on 1 mm divided in 100 equal parts. The micrometric ruler was placed 

strategically in order to evaluate the thickness of the lines engraved in the chip. The 

resulting image captured by the USB microscope is depicted in Figure 2.5. Despite the 

difficulty on seeing the ruler in the dark zone of the chip, it is possible to conclude that 

the thickness of the line engraved in the SIM chip is just slightly less than 0.18 mm 

(180 m). 

  
a) b) 

Figure 2.5 – Using the micrometric ruler: a) placed on top of the SIM chip (the black 

circumference contains the ruler in the centre); b) microscope perspective (400× 

magnitude) 

The native resolution of the microscope is 640×480 pixels. Therefore, at its maximum 

magnification (~400×), the field of measurement is of about 1×0.75 mm, meaning that 

each pixel corresponds to approximately 1.6 micrometers. Hence, measurements can be 

conducted in pixels and then, using a correlation factor, one could obtain correct 

measurements in microns, being the reliability of results only dependent on the quality 

of the captured images and on how precise that correlation factor is.  

Though, with the MicroCapture application, microscopic images can be captured with a 

size up to 1600 by 1200 pixels (interpolated resolution), which was used during the 

initial experiments of this work. The testing procedure that headed to the pixel-micron 

correlation for this particular resolution is shown on Figure 2.6, which show pixel 

measurements on top of the micrometric ruler images. The computing process is very 

simple and shown in Table 2.1. 
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Figure 2.6 – Random pixel measurements on the micrometric ruler 

Table 2.1 – Pixel-micron correlation factor 

Measured Value 

(pixels) 

Real Value 

(µm) 
(Real/Measured Value) 

Average K (Pixel-

Micron 

Correlation) 

Calibrated Values 

(µm) 

161.00 100.00 0.621 

0.619 

100 

193.02 120.00 0.621 119 

210.02 130.00 0.619 130 

292.06 180.00 0.616 181 

307.04 190.00 0.619 190 

323.08 200.00 0.619 200 

600.12 370.00 0.617 371 

810.09 500.00 0.617 501 

972.21 600.00 0.617 601 

 

It is now possible to use the correlation factor obtained in Table 2.1 to determine the 

real width of the black marks engraved on the chip. Knowing now that 1 pixel is equal 

to 0.619 m (when using the interpolated 1600 by 1200 pixels resolution), the real 

measure can be obtained as follows:  

        

                (       )                        

Therefore, bearing in mind that the measurement of the line’s width in terms of pixels 

provides the values show in Figure 2.7, the transformation to micrometres is shown in 

Table 2.2. It is possible to conclude that the real width of the black line depicted in 

Figure 2.5b is of 177 micrometres. This is an expected result as it validates what was 
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referred before when it was stated, based on Figure 2.5b, that the line would have a 

thickness slightly inferior to 0.18 mm (180 m). 

 

Figure 2.7 – Measuring the width of the lines that are engraved on the SIM chip 

Table 2.2 – Obtaining correct measurements via Pixel-Micron Correlation factor 

Measured Value (pixels) Average Value Correlation Factor Real Width (µm) 

286.04 

286.04 0.619 177 

286.03 

286.03 

286.03 

286.06 

 

2.3 The blind test 

After calibrating the microscope and accomplishing pixel-micron correlations, a blind 

test was conducted in order to evaluate the reliability of measurements taken with the 

USB microscope. The experiment involved the imposition of relative displacements 

between two rulers, which where simultaneously measured with recourse to a LVDT 

and to the USB microscope. 

The experimental setup, depicted in Figure 2.8, is based on the use of two 0.5 mm 

rulers, fixed on two drawer slides that allow relative movement between the rulers. The 

drawer slides where fixed to one another and to the table in order to avoid possible 

vibrations that could limit the possibility of getting satisfactory images at high 
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magnifications. Even though two slides were used, one of them was kept in a locked 

position, forcing one of the rulers to maintain its position in order to provide reference 

points for the microscope visualizations, whereas the other one is allowed to move 

freely (see Figure 2.8). The 0.001 mm precision LVDT displacement transducer, 

produced by RDP Electronics, was fixed to the table in an arrangement that allowed it 

to monitor the longitudinal displacements of the movable ruler and, as it started to 

move, the LVDT measured the displacement automatically. 

 

Figure 2.8 – Overall view of the experimental setup 

 

2.3.1 Measurement comparison: LVDT / USB microscope 

After setting up the experiment, the displacements were induced arbitrarily by pushing 

the movable slider and measurements were taken at discrete instants, simultaneously 

with the LVDT and the USB microscope. In order to obtain the real measurements 

through the microscope, proving its applicability, the calibration achieved on Section 

2.2 was finally applied and tested. All the resulting data are shown in Table 2.3. 

Graphical interpretation to this test is presented in Figure 2.9, showing quite good 

results regarding LVDT and microscope comparison 
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Table 2.3 – Experimental results 

 
LVDT USB Microscope 

  

Position 
Reading 

(mm) 

Displacement 

(µm) 

Displacement 

(pixels) 

Displacement 

(µm) 

Difference 

(µm) 
Error (%) 

1 0.687 0 - - - - 

2 0.726 39 65.00 39.3 0.3 0.8% 

3 0.999 273 451.01 272.9 0.1 0.1% 

4 1.145 146 241.00 145.8 0.2 0.1% 

5 1.630 485 802.01 485.2 0.2 0.1% 

6 1.772 142 235.00 142.2 0.2 0.1% 

7 1.821 49 81.01 49.0 0.0 0.0% 

8 1.879 58 96.00 58.1 0.1 0.1% 

9 1.945 66 109.00 65.9 0.1 0.1% 

 

 

Figure 2.9 – Comparison between obtained and ideal results 

 

2.4 SIM Chips as a reference for measurements 

The calibration described on Section 2.3 was done using the microscope practically in 

touch with the measured object. In other words, the plastic see-through part of the 

microscope was leaning on the measured object, similar to what is presented in Figure 

2.10, taken during the experiment that is being discussed in this Section. This situation, 
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with the microscope in touch with the rulers, is the one that is most commonly 

experienced during the measurements that were conducted so far. However, it is 

relevant to note that different situations may occur where the microscope may be at a 

certain distance from the visualized object. This distance plays an important role on the 

level of reliability obtained during the measurements as it alters the pixel-micron 

correlation factor. Therefore, every time new measurements need to be conducted, it is 

prudent to have a visualized detail that could have some dimension that is known 

previously to the microscope user. Now that the width of the SIM chip existent in the 

citizen card is acknowledged, SIM chips could be used as the suggested detail.  

 

Figure 2.10 – Microscope in touch with the visualized object 

In regard to concrete deformation measurements conducted with the USB microscope, 

ideally more than one experiment are intend to be conducted simultaneously, resulting 

in the need for various SIM chips in order to have a calibrated object in each 

experiment. Since the use of citizen card SIM ships is unlikely, other types of SIM chips 

were searched, leading to the deduction that the most easily acquirable SIM chips are 

the ones that are used in cellular phone. Analysing various cellular phone chips, it was 

possible to realize that their lines’ width varies from chip to chip, depending on the 

mobile communications company that led to its production. Examples regarding this 

fact are given in Figure 2.11 where the dimensions of two SIMs, produced by different 

Portuguese mobile phone companies (Operator “A” and “B”), are compared. Therefore, 
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every acquired chip should be measured before it is used for any kind of measurement, 

in order to characterize it according to the width of their lines.  

  

  
a) b) 

Figure 2.11 – Different cellular phone SIM chips: a) SIM from operator “A”; b) SIM 

from operator “B” 

 

2.5 Callipers / sliding rulers 

The above-referred problem related to the lack of sharpness existent on ordinary rulers 

has been overcome by the use of SIM chips but a complementary device was needed in 

order to enable concrete strain measurements. In Section 2.3, a sliding measurement 

system was used based on drawer slides that would respond linearly to an imposed 

displacement. A slightly different kind of device but somehow based on this principle 

was needed for concrete specimen strain measurements. Many possibilities for a 

measurement system that would easily adapt itself to a concrete specimen were studied 

and analysed. The conducted research resulted in two similar devices, adaptable to 

concrete specimens of various geometries. 
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One of the accomplished devices, shown in Figure 2.12, is basically a plastic calliper 

with a few minor adjustments regarding its fixation to concrete specimens. Those plastic 

callipers, commonly available in DIY (“Do It Yourself”) stores, have a considerably 

low-cost and satisfactory behaviour in terms of linearity of relative displacements 

between their constituent parts. The other device (see Figure 2.13), entirely made of 

steel, has a more resistant, custom-made design and is therefore associated to a much 

higher price than the plastic calliper. 

  

a) b) 

Figure 2.12 – SIM chip adaptation to the plastic calliper: a) placing the two SIM chip 

parts; b) alignment of the SIM chips 

  

a) b) 

Figure 2.13 – Custom-made “sliding rulers”: a) Perspective 1; b) Perspective 2 

Both devices are based on the same principle: two parts that are separately fixed to 

distant points of concrete specimens but yet sliding through each other, responding to 

any kind of concrete deformation. Each piece of SIM chip needs to be fixed to each part 
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of the sliding device, accompanying every movement. It is possible to realize that these 

SIM chips were cut in half. This method was adopted mainly because of two reasons: 

 Cutting the SIM chip in half, less SIM chips will be spend since only one SIM 

chip will be enough for each experiment; 

 Cutting the SIM chips in half assures that the same chip is used in every 

experiment, guaranteeing that the black line’s width is the same when 

visualized through the microscope. 

These two devices were designed predicting various possible applications on specimens 

of concrete or other materials applied in the construction industry, such as timber, 

mortar and brick masonry, and have therefore characteristics that allow its fixation to 

the tested samples (see Figure 2.14).  

  

a) b) 

Figure 2.14 – Fixation to concrete specimen: a) plastic device; b) steel device 
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2.6 USB microscope fixation 

The fixation of the microscope is a very important matter considering that, when 

working under maximum magnification, any kind of disturbance in the body of the 

microscope will complicate the process of capturing required images. The adjustable 

microscope stand, produced by Veho, revealed several restrictions concerning the 

application of the microscope in the intended framework, namely related to the small 

extension of this stand and to the difficulties on smoothly adjusting the microscope’s 

position. In view of these limitations, two microscope accessories were acquired: a 

rotating table with X/Y axis movement (see Figure 2.15a) and a vertical microscope 

holder with adaptable height (depicted in Figure 2.15b). The referred microscope 

accessories can be used together with the USB Microscope, enabling fixation of the 

microscope and position control in all three horizontal/vertical axis (X, Y and Z), 

including rotation for observed objects. 

 

 

a) b) 

Figure 2.15 – Acquired accessories for microscope fixation and positioning: a) rotating 

table with X/Y axis movement; b) vertical microscope holder 
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3 PRACTICAL APPLICATIONS 

3.1 Introduction 

Numerous different attempts on measuring specimen deformations were tried with the 

USB microscope and compared to other devices that are already explored and 

commonly used in the scope of civil engineering, such as LVDTs, dial gauges or 

vibrating wire strain gauges (see Figure 3.1). Many kinds of experiments were 

conducted, such as creep, shrinkage and modulus of elasticity experiments and the 

measurements were taken through the USB microscope along with other above-

mentioned devices in order to identify advantages or limitations associated to its use.  

   

a) b) c) 

Figure 3.1 – Commonly used measurement systems: a) LVDT; b) Dial gauge; c) 

Vibrating wire strain gauge 

 

3.2 Concrete strain measurements 

3.2.1 Creep 

The first creep experiment was conducted in plain concrete, tested during a Master 

Dissertation developed in University of Minho (Costa, 2011). During this experiment 
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(see Figure 3.2), the USB microscope was compared to dial gauges, external vibrating 

wire strain gauges and another vibrating wire strain gauge embedded in the concrete 

specimen. The results, shown in Figure 3.3, were satisfactory, showing that the 

microscope captured the same concrete strain evolution as other involved measurement 

devices. Ideally, the results obtained through the microscope should match 

measurements taken with other devices but on this particular case the variations in 

deformation values are acceptable considering the fact that these kinds of experiments 

have usually some level of loading eccentricity. Consequently, measuring at different 

locations of the specimen would provide slightly different results. Moreover, on this 

experiment, the measurements obtained through the microscope where the closest to the 

embedded vibrating wire strain gauge that is allegedly the device that provides the most 

reliable results as it is completely embedded in the centre of the concrete specimen, 

measuring the displacement at its axis level. 

  

a) b) 

Figure 3.2 – First creep experiment (on plain concrete): a) the final test setup; b) 

specimen assembly 
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Figure 3.3 – Creep test results (plain concrete) 

The second creep test, conducted on Steel Fibre Reinforced Self-Compacting Concrete 

(SFRSCC), was part of an extended experimental program, where this particular 

compressive creep test was used for comparison of results with a tensile creep test. In 

this case the specimens were instrumented with four sliding rulers (see Section 2.5) and 

two vibrating wire strain gauge sensors (one of them embedded in the upper specimen 

and the other one externally fixed to the other one), as shown in Figure 3.4.  

 

 
a) b) 

Figure 3.4 – Second creep experiment (on SFRCSCC) instrumented with: a) vibrating 

wire strain gauges; b) sliding rulers for microscope measurements 
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The results, depicted in Figure 3.5, show that satisfactory results were once again 

obtained using this measurement technique. In general, the data obtained through the 

USB microscope show good agreement with the vibrating wire sensors. The slight 

differences in strain might once again be explained by taking into account the above 

mentioned load eccentricity effect that usually is registered in such king of experiments. 

 
Figure 3.5 – Creep test results (SFRSCC) 

3.2.2 Shrinkage 

During this work, numerous experiments involving shrinkage were conducted in cement 

and concrete specimens. Shrinkage is usually measured with recourse to LVDTs, which 

require the use of expensive data acquisition systems that are shared in the Laboratory 

by many researchers and are therefore not always available. Therefore, and taking into 

account the reliable results obtained so far, the microscope was used for this purpose 

without other sensors, using sliding rulers and/or SIM chips. The following paragraphs 

show some of the results collected during the use of the microscope in regard to 

shrinkage measurements in concrete specimens and cement pastes.  

Free shrinkage tests results, performed in a 10  10  1000 mm
3
 prismatic specimen 

(Figure 3.6a), are shown in Figure 3.6b. These strain measurements started at the age of 
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4 days. Throughout the first 10 days of measurements, during which the specimen was 

sealed (and therefore mainly autogenous shrinkage contributes to concrete shrinkage), 

free shrinkage strain increased linearly, reaching 200 . It can be seen that this 

measurement technique detected the strain variation upon sealing removal, where the 

strain begins to grow more sharply, which was expected due to additional contribution 

of drying shrinkage. The fact that the additional contribution of drying shrinkage is only 

slightly noticeable probably means that the specimen was not properly sealed. 

 
 

a) b) 

Figure 3.6 – Free shrinkage strain measurements in plain concrete: a) Data acquisition 

process; b) Obtained results  

Interesting results were obtained when compared to free shrinkage curves reported in 

previous works, conducted in specimens with very similar geometry, developed by 

D’Ambrosia et al. (2004) and Lange et al. (2003) (see Figure 3.7). D’Ambrosia et al. 

(2004) predicted 300  for 8 days of concrete age (see Figure 3.7a), against circa 80  

measured in this work, at the same age. This difference is acceptable given the fact that, 

in this particular case, measurements started later, at 4 days of concrete age. Lange et al. 

(2003) performed long term strain measurements in order to study the effect of 

shrinkage reducing admixtures and obtained 500  for normal concrete at 30 days of 
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age, which is a similar result to what was is depicted in Figure 3.6. However, superior 

values would be obtained in this work if the free shrinkage had started earlier. 

  
a) b) 

Figure 3.7 – Free shrinkage strain curves obtained by: a) D’Ambrosia et al. (2004); b) 

Lange et al. (2003) 

Additional experiments were also conducted in thin cement pastes (2 mm thick) where 

the specimens were subjected to different surrounding Relative Humidity conditions, 

which cause strain variations that are measured using the USB microscope according to 

the test setup depicted in Figure 3.8. In these particular experiments, which are still 

under development, the USB microscope plays an important role and the test setup was 

developed taking into account the exclusive use of the microscope for strain 

measurements. 

   

a) b) 

Figure 3.8 – Test setup developed for shrinkage strain measurements in thin cement 

pastes: a) before casting; b) after casting and removal of bottom part 

The results obtained for a pilot experiment where the feasibility of this test setup was 

tested are shown in Figure 3.9. The thin specimen was subjected to 40ºC temperature in 
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order to accelerate drying shrinkage. That effect is clearly depicted in Figure 3.9. 

Further experiments are still under development. 

 

Figure 3.9 – Shrinkage strain results, measured in thin cement pastes  

 

3.3 Crack width assessment 

Apart from the usage of the microscope in regard to strain and concrete measurements, 

few preliminary experiments were also conducted for assessment of cracking width in 

concrete specimens under tension. This Section will present the images taken through 

the photographic microscope measurement system on two different experiments. The 

first experiment, conducted in plain concrete, was a tension-stiffening test, where a 

reinforced concrete specimen was subjected to tensile loading and the crack pattern was 

assessed through visual inspection. Figure 3.10a shows the cracking distribution: in the 

central portion of the specimen, where the cracks are spaced in relatively constant 

distances, which increase towards the end of the specimen. Figure 3.10b illustrates the 

images captured by the USB microscope that was used for measuring the evolution of 

crack width along the test. The images collected show the potential of applying this 

low-cost system to support the analysis of crack data. 
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a) b) 

Figure 3.10 – Concrete crack width growth evolution: a) general view of the procedure; 

b) captured images (20 magnification) 

The second experiment consisted of a tensile creep test conducted in a Steel Fibre 

Reinforced Self-Compacting Concrete specimen (see Figure 3.11), where the 

appearance of an early crack caused numerous doubts regarding its influence in terms of 

global tensile strength of the specimen. Therefore, the referred crack was continuously 

monitored and its width was measured through comparison with the widths of the black 

lines engraved in a SIM chip. The use of this measurement device was a useful tool to 

evaluate if the crack was influencing the creep test results (by confirming if the crack 

width was increasing). 
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a) b) 

Figure 3.11 – Crack assessment during tensile creep experiment: a) general view; b) 

detail of the SIM chip positioned next to the studied crack 
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4 DEVELOPMENT OF A MATLAB ALGORITHM-BASED 

PROGRAM 

During the final stage of the present work, an image processing script was developed in 

MATLAB in order to accurately process the images recorded with the USB microscope, 

as schematically represented in the flowchart depicted in Figure 4.1. To start with, raw 

consecutive images are loaded and converted into grey scale images. Each image is 

therefore processed individually for image segmentation in order to obtain a binary 

image of the target objects. This approach enables an automatic identification of defined 

object in the acquired images, such as the black lines engraved in the pair of SIM chips 

that are usually used in these tests. Since some noise is presented in the edge definition 

of the objects, a least-square regression was implemented in order to estimate the best 

linear segment defining the edges of target objects. After the image treatment, the 

distance between edges was calculated during the sequence of images, enabling the 

detection of relative displacement between consecutive images with a suitable accuracy. 

 
Figure 4.1 – Flowchart with the basic fundamentals of the MATLAB algorithm-based 

program
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5 CONCLUSIONS AND FUTURE DEVELOPMENTS 

The innovation presented in this work regards the possibility of cost reduction involved 

in strain/displacement measurements, by using a system based on a low-cost USB 

microscope, which allows measurement of displacements with a precision surrounding 

2 m.  

In regard of the microscope and given the fact that no application of this device for 

strain measurement was found in the literature, several test procedures and supporting 

equipment had to be defined in the scope of this work, enabling the application of this 

device in concrete samples for strain measurements. New features such as the use of 

SIM chips, sliding rulers, callipers and adjustable microscope fixation as auxiliary 

elements of the microscope were the result of several preliminary experiments that 

gradually evolve to a final acceptable method that provided satisfactory results when 

compared to usual devices used in Civil Engineering Laboratories (LVDTs, strain 

gauges, vibrating wires, etc.). The low cost of the microscope system is again 

highlighted because of:  

 Its low price (3 times cheaper than a LVDT with similar precision);  

 It does not require any specific software or data acquisition equipment to be 

used (a laptop PC is enough); 

 It is a non-contact measurement system and thus can be removed from its 

measuring position and brought back without any loss of accuracy.  

The main disadvantage of this system at its current level of implementation is the fact 

that data acquisition is not automatic and requires human intervention for assessment of 

displacement on an image-by-image basis. This limitation is of small importance in the 
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case of shrinkage related experiments as the phenomenon takes a long time to develop 

and measurements can be spaced in time, allowing the microscope user to take precise 

measurements at low cost.  

In view of the above-mentioned limitations, a MATLAB program was developed in 

order to simplify the process of taking discrete measurements and with the aim of 

improving the accuracy of this measurement system by reducing the human error 

associated to the use of MicroCapture program. It is important to note that, due to the 

recent development of this supplementary program, only preliminary tests were 

performed and therefore it needs necessarily to be thoroughly tested by performing for 

instance a blind test as explained in Section 2.3. In conclusion, more accurate results 

might be obtained in the future using developed program together with a more powerful 

USB microscope (an enhanced model has been recently spotted in the market, which 

enables a maximum magnification level of 800). 
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