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Abstract 
 

Steel fiber reinforced concrete structures is a newly-introduced 

composite material in building construction that is growing bigger since its 

first proposal during the 80’s. However, there are some design 

requirements, such as the stress factor of the structure, that make 

validation of the fiber quantity and orientation inside the concrete, a 

major requirement previous to the deployment. Nowadays, only 

destructive validation techniques are being used for this proposal, and 

this makes this technology non-suitable for human living buildings; since 

they don’t cover the whole structure validation. Indeed, these techniques 

cannot be applied directly to the structures used, because they need to 

destruct them. Therefore, test is performed over samples of the 

constructed concrete specimens, and then extrapolated to the whole 

production. In this study, we will develop and demonstrate the 

capabilities of a non-destructive magnetic validation system and propose 

a prototype for its implementation. We will also carry out a financial and 

profitability analysis to determine if commercialization of the prototype 

would be viable. 
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Resum del Projecte 
 

Les estructures de formigó reforçades amb fibres d’acer són un nou 

tipus de material compost introduït a la construcció d’estructures que està 

creixent des del primer cop en que es va proposar als anys 80. No obstant 

això, hi ha diversos requeriments, com el factor d’estrès de l’estructura, 

que fan que la validació de la quantitat de fibra i la seva orientació dins el 

formigó, siguin un requisit principal previ al desplegament de la 

construcció. Avui en dia, només s’apliquen tècniques de validació 

destructives per tal de fer la verificació, i això fa que la tecnologia no sigui 

adequada per a la construcció d’edificis destinats a l’activitat humana; 

atès que no validen les estructures completes. De fet, aquestes tècniques 

no es poden aplicar directament sobre les peces de formigó utilitzades, ja 

que necessiten destruir-les. Per tant, les proves es fan sobre mostres de 

la fabricació de formigó i els resultats s’extrapolen a la producció 

completa. En aquest estudi, desenvoluparem i demostrarem les capacitats 

d’un sistema magnètic no destructiu de validació i proposarem un prototip 

per a implantar-lo. Així mateix, portarem a terme un anàlisi financer i de 

rendibilitat per determinar si la seva comercialització seria viable. 
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Resumen del Proyecto 
 

Las estructuras de hormigón reforzadas con fibras de acero son un 

nuevo tipo de material compuesto introducido en la construcción de 

estructuras que está creciendo desde su primera proposición en los años 

80. Sin embargo, hay varios requerimientos, como el factor de estrés de 

la estructura, que hacen que la validación de la cantidad de fibra y su 

orientación dentro del hormigón, sean un requisito principal previo al 

despliegue de la construcción. Hoy en día, sólo se aplican técnicas de 

validación destructivas para hacer la verificación, y esto hace que la 

tecnología no sea adecuada para la construcción de edificios destinados a 

la actividad humana; dado que no se validan las estructuras completas. 

De hecho, estas técnicas no se pueden aplicar directamente sobre las 

piezas de hormigón utilizadas, puesto que necesitan destruirlas. Por 

tanto, las pruebas se realizan sobre muestras de la fabricación de 

hormigón y los resultados se extrapolan a la producción completa. En este 

estudio, desarrollaremos y demostraremos las capacidades de un sistema 

magnético no destructivo de validación y propondremos un prototipo para 

implantarlo. Asimismo, llevaremos a cabo un análisis financiero y de 

rentabilidad para determinar si su comercialización sería viable. 
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1. Introduction 
 

Building construction is constantly moving towards new techniques in 
order to perform better structures that can withstand natural events and 
enlarge building life. In this investigation line, steel fiber reinforced 
concrete structures appeared as a solution to reduce earthquakes’ impact 
in human living. Due to its flexibility, this kind of structures is able to 
withstand earth movements without making the concrete structure crash. 
However, some parameters have to be considered before deploying a 
fiber reinforced structure such as the stress factor of the concrete, which 
determines the number and orientation of the fibers to ensure its 
reliability. This makes validation of the structures a major requirement to 
be done all over the structure before deploying the building. 

Nowadays, destructive validation techniques are applied over some parts 
and the results are extrapolated to the whole structure. Indeed, these 
techniques cannot be applied directly to the structures used, because they 
need to destruct them, therefore, test is done over samples of the 
constructed concrete specimens, and then extrapolated to the whole 
production. This makes the fiber reinforced technique a non-viable 
solution for human living home building since this kind of validations are 
unable to ensure that the whole structure is exactly as the samples 
analyzed. 

In this study, we will try to determine the capabilities of a non-destructive 
magnetic validation system to fit the requisites that would allow fiber 
reinforced concrete structures to be used in home building. As an initial 
approach, we will use a ferrite kernel with two coils to try to make the 
system work as a transformer when approached to a magnetic conductive 
area. This conductivity shall allow us to determine the presence or not of 
stainless steel fibers inside the structure. In this scenario, using a 
computer based algorithm, we should be capable to design a commercial 
prototype able to make several measures with different angular positions 
and determine the orientation of fibers inside the concrete. 
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For this proposal, we will first try to design the system, with the 
appropriate ratio between both coils, and simulate an ideal scenario, 
where almost all fibers are dispersed equally over the whole concrete 
structure, with physics simulation computer software. However, we will 
see that hardware limitations will impede the achievement of results of 
the simulation and conclusions found in [1] and [2] will be used as a 
starting point. 

Moreover, we will also determine that limitations in the measuring 
instruments will prevent us from obtaining inductance in the second coil 
of the system without distorting the measure; since these instruments 
require the introduction of voltage in the system to make the measures. 
Hence, project will be then focused on validation of results presented in 
[1] and the determination of the optimal specifications for the 
development of a magnetic validation system through the following 
effects: effect of an increase of the number of turns in the coil, effect of 
including a second coil in open circuit, effect of the material inside the 
concrete, effect of interferences, and effect of orientation of the measured 
sample in regard to the measuring system. We will conclude that a non-
destructive magnetic validation system is suitable for the proposed 
scenario as the mentioned effects can be easily taking into account in a 
computer based algorithm. 

Finally, to conclude the project, we will include a conceptual design of a 
prototype of the end-product with the specifications that should comply; 
including the external appearance and the functionality that should be 
provided for the customer. In addition to this design, we will make a 
techno-economical study to determine the viability of a large scale 
commercialization of the prototype. This economical study will contain a 
financial analysis where costs of manufacturing, market model, and 
estimated revenues are contemplated, as well as a profitability analysis to 
determine if it is worth financing the project for a company or 
independent shareholders. 
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2. Assembly 
 

As an initial approach to the design, we decided to reproduce the 
assembly proposed in [1] as a basis and then apply some modification to 
fit our proposal. Thus, we developed a prototype of the main part of the 
system: the “virtual” transformer. We used a ferrite ductile iron piece as 
the magnetic kernel with two cooper coils as shown in figure 1.  

 

Figure 1 – Main part of the magnetic validation system proposed. A ferrite U-Shape kernel with 
two cooper coils. 

The election of the material for the kernel was done taking into account 
the properties of ferrites. Among these properties, we can highlight their 
lower conductivity versus ferromagnetic materials that reduces the ohmic 
losses, their linear behavior during a range between 0 and Bs (saturation 
magnetic flux density), and their high relative permeability to decrease 
the effects that can distort the measures.  

Figure 2 shows the magnetization curve. This curve represents the 
relation between the magnetic flux density and the magnetic field 
intensity. Ferrites present a non-linearity over the saturation magnetic 
flux density value. In this region, the increase ratio of permeability can be 
significantly minor than permeability in the linear region. However, for our 
proposal, values are expected to remain inside the linear zone, so this 
effect will not be noticed. 
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Figure 2 – Magnetization curve. 

Moreover, the original idea was to use the u-shape to virtually create a 
whole transformer when the system was near a magnetic conductive area 
that would allow the magnetic field to circulate from one end to the other 
of the ferrite. Using this property, and according to results found in [1] for 
a single coil, we supposed that we could asseverate that there was a 
certain quantity of fibers among the concrete in proportion to the 
measures done over the inductance in both coils. 

First of all, we built the two coils over the ferrite kernel. The relation ratio 
between coils chosen was ¼ according to the simplified relations shown in 
figure 3: 

  
 

Figure 3 – Simplified relations among the parameters of a transformer. 

Where V1 and V2 are the voltage applied on the first coil and induced on 
the second coil, respectively. I1 and I2, current going through the first 
mesh of the transformer and the second, respectively. Z1 and Z2 are the 
impedances present in the first and second mesh of the transformer, 
respectively, and N1 and N2 stand for number of turns in the first and 
second coil of the transformer.  

Using this ratio, the transformer also acts as a tension amplifier, since the 
theoretical max values of the parameters are as shown in figure 4: 

 

 

Figure 4 – Maximum values of the parameters of the second mesh of the transformer. 
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“According to Faraday's law, the change of magnetic flux in a coil induces 
a voltage therein, which tends to oppose the variation in flux, ie” [4]. 

 

 
Figure 5 – Faraday’s law. 

So an increase of the magnetic flux in the supplied coil will result in a 
voltage increase and, therein, an inductance increase in the measured 
second coil. 

To test that this theoretical scenario was feasible, we decided to develop 
a simulation using the multiphysics simulation platform Comsol 
Multiphysics 4.2a. This software allows defining the electromagnetic 
parameters that involve this project, with almost realistic models that 
perform great approximations of the results expected in field testing. 
However, in order to lessen the computational requirements, some 
reductions of the scenario and the system were done. Regarding this 
limitations, the following pieces were implemented:  

- A ferrite ductile iron kernel with a U-shape. The composition of this 
material was chosen as follows: 3.7C – 2.2Si – 0.3Mn – 0.1Cu. The 
dimensions used were exactly as the ones measured on the test piece 
bought to build the physical system. Other configuration parameters 
approximated were the magnetic permeability and the magnetic 
permittivity, which were defined as 1000 and 2000, respectively, even 
though their range covers from 10 to 10000 and 100 to 100000, 
respectively. Thus, the selected values ensure that an unfavorable 
situation is tested, so results can be extrapolated to better situations. 
Anyway, the actual values have to be determined over every piece of 
ferrite iron and may vary considerably from one specimen to another. 

- Two cooper coils in one side and the other of the vertical parts of the 
ferrite. First coil was made with 20 turns, while the second coil was made 
with 80 turns. Separation within turns in both coils was estimated at 0.5 
mm, with a copper cable of 0.1 mm and a coil radius of 2.1 cm. 

- A concrete structure reinforced with stainless steel fiber. The concrete 
was defined as a large piece containing the fibers, with the following 
specifications: the relative permittivity was set to 8, since it is proved to 
be the characteristic value for, among others, limestone materials, wet 

dt
dNV Φ

−=
       11 dt

dNV Φ
−=

       22
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granite and dry concrete [3]. Moreover, electric conductivity and magnetic 
permeability were fixed to 0 and 1, respectively, since concrete has a very 
low response to electricity, and a very low response to magnetic fields. 

- One thousand and seventy five stainless steel fibers properly dispersed 
inside the concrete structure. The radius of these fibers was defined as 
0.1 mm and 1 cm long, in order to maintain certain aspect ratio, even 
though these dimensions could be bigger in the real situation. 

Unfortunately, this implementation in the simulation software was far 
over the maximum computational capabilities of the available hardware. 
Hence, we decided to apply different reductions to the model, until we 
found that the simulation was not affordable without a high design 
reduction; making simulation results unreliable. Nevertheless, using the 
information of studies developed in [1] and [2] we could verify that the 
measurement system designed was feasible, and we could obtain a 
reference of the expected results. 

With these setbacks and taking into account the easiness to assemble a 
real scenario to make the test, we decided to bypass the simulation and 
start the assembly and testing of the project; focusing on the validation of 
the capability of a single coil system to act as a fiber sensor for different 
materials, and to analyze the effects of including a second coil in open 
circuit.  

For this proposal, we decided to build several coils in order to determine 
the optimal number of turns. In this regard, we built the following coils: 
20 turns coil, 40 turns coil, 70 turns coil, 80 turns coil, 120 turns coil and 
a 140 turns coil to be able to make different tests. However, after 
performing some tests, we decided to remove the results obtained with 
the 20 turns and 40 turns coils, since their contribution to the project was 
not relevant. Information found with that coils was the same as the 
obtained comparing results of other set of coils; but with a significant 
decrease in the inductance values measured. 

Moreover, the election of the 70 and 80 turns coil was made in 
accordance with the number of turns used in [1], which was between both 
of them. Thus, we could analyze the effect of slightly modifying the 
number of turns, starting from a value that reported acceptable and 
comparable results, instead of using smaller values; such as the ones 
discarded, in which difference was smaller and, therefore, not so visually 
comparable with bigger coils results. 
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Using these newly created coils, we finally made the tests with the 
following prototypes: 

- A 70 turns single coil prototype. 
- A 140 turns single coil prototype. 
- An 80 turns two coil prototype. 
- A 120 turns two coil prototype. 

Moreover, to ascertain that the tests made were reproducible, we used 
two different ferrite kernels with the same properties for the prototypes. 
The single coil prototypes used a ferrite kernel, while the two coil 
prototypes used a different ferrite kernel. 

In addition to these prototypes, we used the following samples1: 

- A stainless steel fiber reinforced sample of concrete. 
- A regular steel fiber reinforced sample of concrete. 
- An assassin fiber2 reinforced sample of concrete. 
- A set of stainless steel fibers aligned over a diamagnetic tape. 
- A 1cm radius ferromagnetic iron piece. 
- A diamagnetic material piece. 

Furthermore, to obtain the measures, we used the following instruments 
and objects: 

- HP 4192A LF Impedance Analyzer 
- Agilent 4263B LCR Meter 
- A 50cmx50cmx1cm methacrylate surface 

Figure 6 shows the schematic representation of the initial measurement 
system. 

 

 

 

                                            
1 Real images of the used samples can be found on annex C. 
2 Assassin is a colloquial definition among workers due to the wounds caused in their hands by 
  this type of extremely thin fibers, despite using gloves. 
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Figure 6 – Schematic representation of the measurement system proposed. 

 

As we can see, measures were done using the unknown terminals, on the 
left of the impedance analyzer, connected to one of the coils while the 
other remained in open circuit (in the two coils prototypes); to validate if 
it could either lead to a considerable interference or to an additive 
contribution that improved system performance. Additional tests were 
also performed with the secondary coil in short circuit. However, they 
were not included since their effect was similar to keeping the coil in open 
circuit. 

Moreover, the impedance analyzer was set to 1.0 V and 1 kHz for all 
measurements, even though the system was proven to report satisfactory 
results with a frequency setting ranging from 1 kHz to 100 kHz. 

 

 

HP 4192A LF Impedance Analyzer 

0.0061 mH 0.013 Ω 1.000000 kHz 1.0 V 

UNKNOWN 
Measure 
Selector 

Settings 



14 
Magnetic validation system for steel fiber reinforced concrete 

 

    

3. Test Results 
 

To determine the capability of the prototype to detect fibers inside 
concrete structures we implemented the following tests: 

Test 1: Inductance measurement over different concrete reinforced 
samples with one coil (70 turns and 140 turns). 

Test 2: Inductance measurement with different materials and orientations 
with one and two coils (70 turns, 80 turns, 120 turns and 140 turns). 

Test 3: Inductance measurement variation produced by interferences of 
other materials on Test 2 (70 turns, 80 turns, 120 turns and 140 turns). 

Test 1: 

For the realization of this test, three different concrete samples were 
used: a concrete sample filled with assassin fiber, a concrete sample filled 
with regular steel fiber, and a concrete sample filled with stainless steel 
fiber. In all of them, measures were done corresponding to 0º, 45º and 
90º orientations with respect to the agreed position of the samples; 
where the direction parallel to the major axis stands for 90º and the 
direction parallel to the minor axis corresponds to 0º. These positions 
were used to make multiple measures in order to ensure reproducibility of 
the test and to allow a comparison between different coils. 

Table 1 shows the results obtained using a 70 turns coil with respect to 
the different positions and orientations of the samples. These are relative 
values referenced to the inductance in open circuit of the prototype 
(1.1946 mH). As we can see, all measures gave similar results, except for 
little variations due, mainly, to the position of the cable. Although we 
used twisted wire, we could determine that variations in the position of 
the cable can cause measurement deviations of around 2 µH. 

Measures 1 and 2 were done under the same environmental conditions, in 
the same day, with the same instrument (HP 4192A LF Impedance 
Analyzer), and performed by the same operator. However, measures 3 
were done in a different day, with an environmental temperature 
reduction of about 3 ºC, with a different instrument (Agilent 4263B LCR 
meter) and performed by a different operator. As results are almost 
equal, we can conclude that reproducibility of the test was proven. 
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Number of turns: 70 
Assassin Fiber 

 
 

Measure 1: 

 

Measure 1: 

 

Measure 1: 

0.1089 mH 0.0992 mH 0.0972 mH 

Measure 2: Measure 2: Measure 2: 

0.1086 mH 0.0991 mH 0.0979 mH 

Measure 3: Measure 3: Measure 3: 

0.1096 mH --- --- 

 
 

Measure 1: 

 

Measure 1: 

 

Measure 1: 

0.1013 mH 0.0957 mH 0.0976 mH 

Measure 2: Measure 2: Measure 2: 

0.1008 mH 0.0947 mH 0.0981 mH 

Measure 3: Measure 3: Measure 3: 

--- 0.0969 mH 0.0976 mH 

Regular steel fiber 

 

Measure 1: 

 

Measure 1: 

 

Measure 1: 

0.0105 mH 0.0179 mH 0.0199 mH 

Measure 2: Measure 2: Measure 2: 

0.0105 mH 0.0180 mH 0.0199 mH 

Measure 3: Measure 3: Measure 3: 

0.0098 mH --- --- 

 

Measure 1: 

 

Measure 1: 

 

Measure 1: 

0.0089 mH 0.0108 mH 0.0182 mH 

Measure 2: Measure 2: Measure 2: 

0.0089 mH 0.0107 mH 0.0182 mH 

Measure 3: Measure 3: Measure 3: 

--- 0.0107 mH 0.0195 mH 

Stainless steel Fiber 

 

Measure 1: 

 

Measure 1: 

 

Measure 1: 

0.0046 mH 0.0052 mH 0.0055 mH 

Measure 2: Measure 2: Measure 2: 

0.0046 mH 0.0051 mH 0.0055 mH 

Measure 3: Measure 3: Measure 3: 

0.0062 mH 0.0049 mH --- 

 

Measure 1: 

 

Measure 1: 

 

Measure 1: 

0.0046 mH 0.0054 mH 0.0053 mH 

Measure 2: Measure 2: Measure 2: 

0.0044 mH 0.0056 mH 0.0052 mH 

Measure 3: Measure 3: Measure 3: 

--- --- 0.0053 mH 
 

Table 1 – Inductance measures obtained over the different samples with a 70 turns coil with respect 
to the reference inductance value of the prototype of 1.1946 mH. Measures 1 and 2 were performed 
by the same operator under the same environmental conditions and using HP 4192A LF Impedance 
Analyzer. Measures 3 were performed by a different operator, with different environmental conditions 
than the other measures and with Agilent 4263B LCR meter. The X symbol in the orientations 
denotes the position of the coil during measurement. 
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Furthermore, analyzing the different results obtained we can conclude 
that variations in the orientation, quantity, and type of material of the 
fibers inside the concrete samples, modify significantly the inductance 
measured. It must be taken into account that wall effect, due to formwork 
boundaries, slightly modifies the inductance values reported, since all 
fibers tend to orientate parallel to boundaries. However, as all positions 
were chosen with similar distances to edges, comparison results are 
trustworthy, even though measures would report lower inductance values 
for bigger samples; as fibers would be randomly oriented, rather than 
parallel, for further positions from boundaries. 

Hence, in this scenario, the magnetic validation system proposed presents 
the expected values as stated in [1]. However, as the number of turns 
was chosen according to the number of turns used in [1], we decided to 
repeat this test using a bigger coil made with 140 turns to determine the 
effect of increasing the inductance measured, “on air”, of the system; 
keeping the impedance/frequency ratio in the most accurate range of the 
instrument [5]. 

Table 2 shows the results obtained using a 140 turns coil with respect to 
the different positions and orientations of the samples. These are relative 
values referenced to the inductance in open circuit of the prototype 
(4.003 mH). Analyzing the results obtained, we can observe that 
measures present the same behaviour as the ones obtained using the 70 
turns coil: the measured inductance increases from the less sensitive 
steel fiber to the assassin fiber, orientation and quantity of fiber make 
significant variations on the results, and the experiment is reproducible.  

However, sensitivity of the system made with the 140 turns coil is 
considerably increased; allowing a better detection of variations in 
quantity and orientation of fibers of less sensitive materials (stainless 
steel fibers and regular steel fibers). 

Figure 7 shows a graphical logarithmical comparison between average 
results obtained with the 70 turns coil and the 140 turns coil. In this 
graphical comparison is immediate to determine that, even though both 
coils give similar results when measuring the assassin fiber sample, the 
quantity of fibers of the other two types is determinant in the case of the 
140 turns coil. This difference between both graphics becomes more 
evident in the case of the stainless steel fiber sample, as we can observe 
that the values obtained in the 45º measure are over the ones of the 90º 
measure for 140 turns coil, whilst the inductance values of both measures 
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are virtually the same and, therefore indistinguishable, for the 70 turns 
coil. 

Number of turns: 140 
Assassin Fiber 

 
 

Measure 1: 

 

Measure 1: 

 

Measure 1: 

0.3400 mH 0.3130 mH 0.3190 mH 

Measure 2: Measure 2: Measure 2: 

0.3320 mH 0.3130 mH 0.3150 mH 

Measure 3: Measure 3: Measure 3: 

--- --- --- 

 
 

Measure 1: 

 

Measure 1: 

 

Measure 1: 

0.3110 mH 0.3020 mH 0.307 mH 

Measure 2: Measure 2: Measure 2: 

0.3050 mH 0.3010 mH 0.304 mH 

Measure 3: Measure 3: Measure 3: 

--- --- --- 

Regular steel fiber 

 

Measure 1: 

 

Measure 1: 

 

Measure 1: 

0.0370 mH 0.0730 mH 0.0720 mH 

Measure 2: Measure 2: Measure 2: 

0.0370 mH 0.0700 mH 0.0690 mH 

Measure 3: Measure 3: Measure 3: 

--- --- --- 

 

Measure 1: 

 

Measure 1: 

 

Measure 1: 

0.0210 mH 0.0360 mH 0.0600 mH 

Measure 2: Measure 2: Measure 2: 

0.0210 mH 0.0350 mH 0.0590 mH 

Measure 3: Measure 3: Measure 3: 

--- --- --- 
Stainless steel Fiber 

 

Measure 1: 

 

Measure 1: 

 

Measure 1: 

0.0190 mH 0.0360 mH 0.0260 mH 

Measure 2: Measure 2: Measure 2: 

0.0220 mH 0.0380 mH 0.0270 mH 

Measure 3: Measure 3: Measure 3: 

--- --- --- 

 

Measure 1: 

 

Measure 1: 

 

Measure 1: 

0.0160 mH 0.0240 mH 0.0190 mH 

Measure 2: Measure 2: Measure 2: 

0.0190 mH 0.0230 mH 0.0200 mH 

Measure 3: Measure 3: Measure 3: 

--- --- --- 
 

Table 2 – Inductance measures obtained over the different samples with a 140 turns coil with respect 
to the reference inductance value of the prototype of 4.003 mH. All measures were performed by the 
same operator under the same environmental conditions and using HP 4192A LF Impedance 
Analyzer. The X symbol in the orientations denotes the position of the coil during measurement. 
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Figure 7 – Logarithmical comparison between results obtained with the 70 turns coil and the 140 
turns coil. Angular references correspond to the orientation of the system with respect to the samples. 
The direction parallel to the major axis stands for 90º and the direction parallel to the minor axis 
corresponds to 0º. A graphical representation of the meaning of the angular references can be found 
in tables 1 and 2 or in the annex. 
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Test 2: 

Once the first test was done and the initial approximation of the 
hypothesis proven, we decided to develop a comparison test that involved 
measures made with a single and double coil prototype and three 
different materials: a ferromagnetic iron piece, stainless steel fibers 
aligned over a diamagnetic tape, and a diamagnetic material. The aim of 
this test was to determine variance in inductance measured over diverse 
materials and orientations, and the effect of introducing a second coil, in 
open circuit, to the prototype. 

For this proposal, we used a methacrylate surface as a support piece for 
the prototype; since the magnetic effect of this surface was below 
sensitivity and, therefore, it reported the same absolute inductance as 
measuring on air. We kept the prototype in the same position and 
approached different samples to the inner part of the system; just under 
the methacrylate surface. Then, we rotated samples to obtain several 
measures for each material with regard to orientation of samples and 
magnetic field. Finally, we repeated the experiment with a spacing of 1 
cm between methacrylate and samples. 

Figure 8 shows the results obtained with the single and double coils 
prototypes for the different orientations of the aligned fibers. 

 

Figure 8 – Inductance measures obtained over a methacrylate surface with different orientations of 
the aligned fibers using the single 70 turns and 140 turns coil prototypes and the 80 and 120 turns 
double coil prototypes. A graphical explanation of the meaning of the angular positions referenced in 
the graphic and the complete set of results obtained can be found on annex A. 

0.0000 

0.0200 

0.0400 

0.0600 

0.0800 

0.1000 

0.1200 

0.1400 

0.1600 

0º 45º 90º 0º 
+1cm 

45º 
+1cm 

90º 
+1cm 

In
du

ct
an

ce
 (m

H)
 

Coil comparison (Aligned fibers) 

70 turns 

80 turns 

120 turns 

140 turns 



20 
Magnetic validation system for steel fiber reinforced concrete 

 

    

As we can see, orientation of fibers becomes a major parameter for 
inductance measures; obtaining the highest level for the “90º” position. 
This position stands for the one where individual fibers are oriented in the 
same direction as the magnetic field of the prototype, although the 
resultant material sample is oriented orthogonal to the field. The “+1 cm” 
references denote a spacing of 1 centimetre between fibers and the 
methacrylate surface. 

Moreover, it is also immediate to determine that an increase in the 
number of turns of the coil improves sensitivity of the system, reporting 
almost the same trend for the four prototypes. This behaviour becomes 
even more evident with a significant increase of turns, since difference 
between results obtained with 70 and 80 is practically negligible if 
compared with results for the 120 turns or 140 turns systems. 

Indeed, this difference seems to be directly related to the number of turns 
of the measuring coil; since the proportional increase in inductance 
measured between the proposed prototypes is almost the same when 
comparing the 70 to 80 turns variation and the 120 to 140 turns variation 
for the 90º orientation. This suggests that system sensitivity is 
proportional to the number of turns of the coil. 

Figure 9 shows results obtained for the same experiments of figure 8, 
using the ferromagnetic material sample. This sample consists of an iron 
piece of 1 cm radius protruding a concrete structure. 

 

Figure 9 – Inductance measures obtained over a methacrylate surface with different orientations of 
the ferromagnetic material using the single 70 turns and 140 turns coil prototypes and the 80 and 120 
turns double coil prototypes. A graphical explanation of the meaning of the angular positions 
referenced in the graphic and the complete set of results obtained can be found on annex A. 
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Once again, trends of results obtained with the different prototypes are 
almost the same, with a notable increase in system sensitivity related to 
the number of turns. Likewise, when analyzing the ferromagnetic sample, 
the proportional increase in values obtained, measuring the parallel to the 
magnetic field orientation, is almost the same for the 70 to 80 turns 
comparison and the 120 to 140 comparison. 

Moreover, in this set of measures, 0º position stands for the one where 
the iron piece is set parallel to the direction of the magnetic field. This 
means that trends are not comparable to the ones obtained in figure 8, 
because, in this case, orientation of the individual piece of iron and the 
complete sample coincide. However, if we exchange values obtained for 
0º and 90º position and compare the three first set of results, we can 
conclude that trend is almost the same for both materials. Note that 
under coil and under no coil references stand for the positions where the 
sample is under the pad with the measured coil and the pad not 
measured, respectively. 

Finally, we decided to repeat this experiment using the diamagnetic 
sample to validate if presence of a diamagnetic source would affect 
inductance measurements with the system. Figure 10 presents these 
results. 

 

Figure 10 – Inductance measures obtained over a methacrylate surface with different orientations of 
the diamagnetic material using the single 70 turns and 140 turns coil prototypes and the 80 and 120 
turns double coil prototypes. A graphical explanation of the meaning of the angular positions 
referenced in the graphic and the complete set of results obtained can be found on annex A. 
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As we can see, results obtained measuring the diamagnetic sample are 
opposite to the ones reported before. This behaviour is due to the nature 
of the material, which repels the magnetic field in the system. Hence, 
with respect to inductance measured on air, the resulting relative values 
are reported negative.  

If we invert the graph, trend is once again similar to the initial case, with 
a higher decrease for the 0º position where the individual sample, which 
coincides with the whole sample, is parallel to the magnetic field. This 
means that results obtained in the previous cases are applicable to this 
experiment, since higher absolute values are obtained for the same 
orientations of the sample. Thus, this system can be also applied to 
diamagnetic material detection inside concrete such as gold, cooper or 
bronze. 

Moreover, test performed with the 120 and 140 turns coils report, once 
more, higher values; even though this means more negative values for 
the diamagnetic case. This result confirms that an increase in the number 
of turns in the coil enhances sensitivity of the system regardless of the 
material of the sample. 

Once more, relation between increase in number of turns and proportional 
increase/decrease of inductance comparisons is almost the same for the 
orientation that reports higher values. Hence, seems reasonably to 
conclude that the increase of sensitivity that an increment in the number 
of turns of the measuring coil will report is proportional to the increase of 
turns. 

Therefore, the limit in the number of turns of the measuring coil of the 
system will be defined by the manufacturing costs, resulting weight of the 
prototype, instrument maximum accuracy zone, and the parasitic 
capacitance of the coil. This last parameter can be calculated through the 
resonance frequency.  

In this study, resonance frequencies for the 120 and 140 turns coils were 
calculated finding the frequency value in which phase became 0. This is, 
9.2 kHz and 5,6 kHz, respectively; reporting parasitic capacitance values 
of 0.6220 µF and 1.3790 µF. Thus, the parasitic capacitance of the 140 
turns coil is more than twice the parasitic capacitance of the 120 turns 
coil. Hence, parasitic capacitances must be taken into account in order to 
design an adequate measuring system. 
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Once tests with the proposed materials were done, we decided to include 
a material comparison to determine which of them reports better results 
for each prototype. The resulting graphics are presented in figures 11, 12, 
13 and 14. 

As we can see in all of them, higher inductance values are obtained 
measuring over the ferromagnetic sample orientated parallel to the 
magnetic field. This was the expected result as its permeability is higher 
than permeability for stainless steel aligned fibers. However, values 
obtained for the aligned fibers sample, especially for the 120 and 140 
turns prototypes, are enough to discriminate among detections. 
Therefore, this magnetic validation system is suitable to detect presence 
of stainless steel fibers inside a concrete structure. 

 

 

 

Figure 11 – Inductance comparison among measures obtained over a methacrylate surface with 
different orientations of the materials using the single 70 turns coil prototype. A graphical explanation 
of the meaning of the angular positions referenced in the graphic and the complete set of results 
obtained can be found on annex A. 
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Figure 12 – Inductance comparison among measures obtained over a methacrylate surface with 
different orientations of the materials measuring with the 80 turns coil of the two coil prototype. A 
graphical explanation of the meaning of the angular positions referenced in the graphic and the 
complete set of results obtained can be found on annex A. 
 

 

 

Figure 13 – Inductance comparison among measures obtained over a methacrylate surface with 
different orientations of the materials measuring with the 120 turns coil of the two coil prototype. A 
graphical explanation of the meaning of the angular positions referenced in the graphic and the 
complete set of results obtained can be found on annex A. 

 

-0.0600 

-0.0400 

-0.0200 

0.0000 

0.0200 

0.0400 

0.0600 

0.0800 

0.1000 

Aligned fibers Ferromagnetic 
material 

Diamagnetic 
material 

In
du

ct
an

ce
 (m

H)
 

Material comparison (80 turns) 

0º 

45º 

90º 

-0.1500 

-0.1000 

-0.0500 

0.0000 

0.0500 

0.1000 

0.1500 

0.2000 

0.2500 

Aligned fibers Ferromagnetic 
material 

Diamagnetic 
material 

In
du

ct
an

ce
 (m

H)
 

Material comparison (120 turns) 

0º 

45º 

90º 



25 
Magnetic validation system for steel fiber reinforced concrete 

 

   

 

 

 
 

Figure 14 – Inductance comparison among measures obtained over a methacrylate surface with 
different orientations of the materials measuring with the 140 turns coil of the two coil prototype. A 
graphical explanation of the meaning of the angular positions referenced in the graphic and the 
complete set of results obtained can be found on annex A. 
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Figure 15 – Inductance measures obtained over a methacrylate surface with the aligned fibers 
orientated parallel to the magnetic field, measuring with the 70 turns coil of the single coil prototype. 
Distance references indicate the position of the interfering samples. 

 

 

Figure 16 – Inductance measures obtained over a methacrylate surface with the aligned fibers 
orientated parallel to the magnetic field, measuring with the 80 turns coil of the two coil prototype. 
Distance references indicate the position of the interfering samples. 
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Figure 17 – Inductance measures obtained over a methacrylate surface with the aligned fibers 
oriented parallel to the magnetic field, measuring with the 120 turns coil of the two coil prototype. 
Distance references indicate the position of the interfering samples. 
 

 

Figure 18 – Inductance measures obtained over a methacrylate surface with the aligned fibers 
oriented parallel to the magnetic field, measuring with the 140 turns coil of the two coil prototype. 
Distance references indicate the position of the interfering samples. 
 

As we can see, in all cases interference induced by the diamagnetic 
sample is almost negligible, while interference induced by the 
ferromagnetic sample should be considered as an additive contribution for 
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4. Prototype commercial 
device design 

 

With the aim of deploying a marketed new system based on the results of 
this study, a design of a prototype for a commercial device is provided. 
However, this is not intended to be a quantitative definition of a device. 
This prototype is presented in order to identify, quantitatively, the capex 
involved to make a proper techno-economic study. 

For this proposal, in addition to the ferrite module, the cooper coil and the 
basic electronic parts, the following pieces or materials are considered: 
battery, LCD display, microprocessor, printed circuit board (PCB), plastic 
case, plastic buttons and plastic cover for the LCD display. 

Figure 19 – Conceptual design of the rear view of the inside part of the prototype. 1) Ferrite kernel. 2) 
Battery. 3) Measuring coil. 4) PCB. 5) Plastic button. 6) Plastic case. 

 

Figure 19 shows a conceptual design for this prototype. Through the side 
view, we can appreciate the distribution of the elements inside the plastic 
case. At the bottom part of the product, on the left of the rear view of the 
conceptual design, we can find the plastic buttons to operate the system. 
The use of the device must be very intuitive, and that is why five buttons, 
in addition to power on/off, are proposed to be included: Plot, Meas, 
Save, Clear and Menu buttons.  

The first button, allows to plot the measured data saved on the device, to 
see an image of the detected orientation of the fibers. In case that there 
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is not enough data to plot, a warning message appears on the screen. 
Additionally, if the button is pressed a second time, the numerical values 
are shown in the display. Pressing another time the button will go back to 
the plot and so on. 

Moreover, the second button is used to measure the fibers and orientation 
inside the structure analyzed. Once pushed, a message appears on the 
screen to confirm that the desired data is being acquired, until the 
measure is completed, when a “done” message appears. Next two 
buttons, are used to determine if the last measure has to be considered 
for the plot, or not. If the Save button is used, the last measure is taken 
into account. However, if the Clear button is pressed after pushing the 
Save button, the measure will be discarded and Save button should be 
pressed before making any other measurement if the last record has to 
be maintained for the plot. Otherwise, that measure will be lost. In the 
same way, if Clear button is pressed after finalizing a measure, that data 
will be lost. To finish a measurement and save it on the record device, 
save button must be pressed two times, thus a message will ask to copy 
the active measurements to the memory device or not. Pressing save, the 
whole saved records will be saved on the memory. Pressing clear, the 
records will remain on the active memory, so additional measurements 
can be added to the record before saving them on the memory device. 
This can be done several times to update the information, until the active 
data is cleared. Once all the active records are deleted using clear, a new 
file is generated on the memory device in order to save different 
measurement records. 

Finally, the Menu button allows to do the following additional actions: 
delete a finished saved record, calibrate, change the record device from 
internal memory to SD card, and adjust display settings; such as the 
brightness, change the interface language and measurement system, 
delete stored records, and choose the desired folder destination in order 
to arrange different measurements in folders. To scroll through the menu, 
the buttons must be used as follows: Plot (back/reject), Meas (up), Save 
(down), Clear (next/accept), Menu (exit the menu). The use of the 
buttons is summarized in table 3 and figure 20. 
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Action (Press) Result 

Meas 
Measures the quantity and orientation of fibers inside the analyzed 

structure. 

Meas - Meas 
Warning message. “Last record not saved. Press Save to save it or 

Clear to discard it”. 

Meas - Save Last record is saved in order to be used in the plot. 

Meas - Clear Last record is discarded. 

Meas - Save - Clear Clear overrides Save effect. 

Plot (not enough 
data) 

Warning message. “Not enough data to plot the orientation of the 
fibers”. 

Plot (enough data) Plots the saved data. 

Plot-Plot 
Shows the numerical values of the saved data, or goes back to the 

plot if the data was being displayed. 

Clear - Clear Erases all the saved data, so there are no stored measurements. 

Save - Save 
Warning message. “Are you sure you want to save all the active 

records in the memory device?” (Save – Yes, Clear – No). 

Menu Enter the menu. Button actions change to the menu mode actions. 

Table 3 – Brief description of possible button combinations and their effects. 
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Figure 20 - ASM diagram of the use of the buttons 

 

Moreover, the internal distribution of the elements is done according to 
the distribution used for the tests. In the lower part we can find the 
battery, which stands for the function generator of the tests. System 
must have enough autonomy to allow the technician to make all the tests 
in a building during the whole day. This is not expected to be a problem, 
since power consumption is estimated to be under 10 W for the 
applications and characteristics of the device. Furthermore, its weight 
gives consistency to the system and its size can be modified to allow 
angular movement so different orientation measures can be taken at the 
same reference point to ensure the results.  

 

Plot 

Meas 

Save 

Clear 

Menu 



32 
Magnetic validation system for steel fiber reinforced concrete 

 

    

Figure 21 shows the conceptual design of the frontal view, with a 
relatively big area on the lower part, since that part will remain fixed, 
while the rest of the devices can be rotated to ±30º, ±45º, ±60º and 
±90º regarding the reference scenario. This would easily allow the 
identification of orientation of fibers in a particular position, since 
maximum value will coincide with the orientation. Moreover, it would also 
increase system accuracy, since the effect of a crossed fiber will be taken 
into account, and will give an image of the surroundings of the analysed 
area; so stress factor’s optimal distribution can be straightforwardly 
verified. 

 

 

Figure 21 – Conceptual design of the front view of the system 
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Finally, regarding the materials needed for the components of the system, 
we have to take into account the following mandatory requirements: 

• The plastic case should ensure that the ferrite kernel is kept safe 
even upon unexpected device falls to the floor. Motivation of this 
requirement comes from the fragility of ferrite elements. We should 
ensure that the device will not break at the first time it falls down. A 
research must be done in this regard to use the optimal material. 

• The screen should be sharp, thin and lightweight. The image is a 
crucial characteristic of the device, so the customer must get a 
pleasant image when using the system. Moreover, weight must be 
lowered were possible to keep a good sensation when making the 
measures, since system must be kept on the hand during results 
acquisition. For this reason, a LCD screen is proposed for the initial 
design, while an improved touch screen is proposed for newer 
versions of the device. 

• The battery should be big enough to give consistency to the device 
when making measures with the upper part of the system rotated, 
but it has also to be lightweight enough to avoid tiring the 
customer. Regarding consumption issues, even though it should be 
small, we have to ensure that it lasts enough for a technician to 
make all measures needed during a day. 
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5. Financial analysis 
 

In addition to the prototype design for the magnetic validation system, we 
have developed an economic and profitability analysis to determine 
whether a real implementation and commercialization is feasible or not. 
Below, you can find a brief detailed study, although full economic 
documentation can be found in Annex B. 

First of all, we need to obtain an estimation of the initial development 
costs of the system. We have to take into account commodities, 
infrastructure and human resources costs. Moreover, using the 
information found during this study, an engineering consulting will not be 
required since the software needed for the system and its expected 
capabilities are well known. That means that only software development 
costs are contemplated with an estimation of 12.00 € per hour for two 
developers during 600 hours. With a total cost of 18,720.00 € that will be 
part of the intangible assets of the project. 

To this expenditures, we have to add the estimated commodities cost of 
94,88 € per unit, for the first year, and the variable infrastructure costs 
according to the units produced; that are supposed to be 580 € for the 
first exercise. This means that, without considering the assembly, 
commercialization, quality and R+D costs, we have a unitary cost of 
158.19 €. 

Once the initial costs of the development are determined, we can proceed 
to discuss the following additional expenditures: 

• Intelectual property registry. In order to protect our design, and 
taking into account that software cannot be patented, we will 
register our software on the spanish intelectual property registry. 
The cost for this registry is 72.00 € with a renewal fee of 185.00 € 
for five years. During the first year we will consider the whole 
payment of the register cost and one-fifth of the renewal cost. 
Therefore, the registry cost for the first year will be of 109.00 €, 
while during the following four years, we will only pay a constant 
cost of 37.00 € for the renewal cost. 
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• Infrastructure cost. To be able to develop our activity we will 
need to lease an office for the software initial development and the 
R+D, and an industrial building where product development, quality 
tests and assembly procedures will be performed. The leasing costs 
for the first year are estimated to be 600.00 € per month for the 
office and 900.00 € per month for the industrial building. 
Throughout the following years, a variation of the rent of the 
buildings as well as an extension of the industrial one, with the 
incorporation of new products, is expected; even though this is not 
contemplated, further than the appearance of the second version of 
the system, on the three year analysis since R+D achievements to 
develop a new kind of product to be commercialized cannot be 
determined. With the assumed increase of renting, infrastructure 
costs are as follows:  

o 50.00 € increase for the monthly leasing of the office, with a 
total fee of 650.00 €, while the renting cost of the industrial 
building remains the same for the second year. 

o Increase of the quota of the office to 700.00 € per month and 
increase on the industrial building’s quota to 1,000.00 € for 
the third year. An additional leasing cost could be 
contemplated if a new product, in addition to the second 
version of the system, has to be developed or if the demand 
exceeds production capacity. A 1,200.00 € monthly fee could 
be considered for this proposal for the fourth year, or even for 
the third year, depending on the commercialization of the 
products. 

• Material costs. In order to develop our activities, we will need to 
acquire a set of computers, machinery and appointments, that will 
be part of our tangible assets, as well as a set of office materials 
and others that will be considered as expenses of the corresponding 
year. During the first year, the estimated costs for computers and 
appointments are 10,200.00 € that will be covered by a Plan Avanza 
credit with a stipulated interest of Euribor at twelve months. 
Furthermore, the estimated costs of machinery for the first year are 
10,000.00 €. All this tangible assets will be increasingly amortized 
in three years, assuming a 10%, 30% and 60% of the whole cost 
each year, respectively. Finally, the office material costs are 
estimated in 2,400.00 €. 
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Moreover, during the second year we are supposed to acquire new 
machinery at an estimated cost of 2,000.00 €. This machinery will 
also be increasingly amortized, so tangible assets from the first year 
will be amortized by a 30% this year, while the new machinery 
assets will be amortized by a 10%. As in the first year, we will have 
office material expenses that are estimated in 2,580.00 €. 

Finally, during the third year, it is foreseen to acquire new 
computers and appointments to deal with the increasing demand 
and to develop the new version of the system. The costs of these 
new materials are estimated in 2,700.00 € for computers and 
1,200.00 € for appointments. Machinery costs are not 
contemplated, while the expenses for office material are estimated 
in 3,000.00 €. 

• Consumption. Among costs associated with manufacturing and 
product development, we consider the required consumption of 
electricity, water, gas, telephone and monthly Internet connection 
via optical fiber as the major costs to be taken into account. 

Using current prices and the estimated average consumption, we 
have an annual budget of 5,169.46 €, 5,457.09 € and 6,749.10 €, 
for the three years, respectively. 

• Staff. During the first year of project development, the following 
staff requirements are considered: 2 commercials, 7 assembly 
technicians to build the products, 3 quality technicians to ensure 
that the products comply with the security standards and function 
properly, 2 R&D software engineers to develop the initial software 
and improve it to keep systems up-to-date as well as to work in the 
new versions of the product, and 2 R&D product engineers to 
research and develop new improvements for the system and new 
versions of the product. With the market penetration assumptions 
made, increasing the assembly technicians from 7 to 9, this staff 
should be enough to carry out our business in the second year. 

However, with the incorporation of the second version of the system 
and the expected increase on demand, the staff of the third year 
should include 6 more assembly technicians, totalling 15, and 2 
more quality technicians, totalling 5. Using this assumptions, wage 
costs amount to 370,656.00 €, 427,232.00 € and 589,472.00 € for 
the first three years, respectively, excluding the initial software 
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developing expenses of the first year. Staff’s R&D costs will also be 
part of the intangible assets of the project, as they contribute to 
improve the products of the company. 

It is straightforward to see that the staff’s budget is the highest in 
the project and, therefore, will be crucial when analyzing the 
viability of the project. 

• Marketing plan. It is estimated that the cost of carrying out the 
marketing campaign will be of 20,000.00 € for the first two years 
and will increase to 40,000.00 € in the third period to try to 
increase the market share. 

• Civil responsibility and business insurance. In order to get the 
bonus interest of the credit requested to BBVA Unnim Banc, a civil 
responsibility and business insurance will be contracted; with an 
annual cost of 700 €. 

 

Taking into consideration the information presented above, we obtain 
estimated financing needs of 410,200.00 €. To cope with this volume of 
credit, we can appeal the following financial contributions: 

 

• Shareholders financing. To formalize the company it is expected 
to supply it with 150,000.00 € from the shareholders. This financing 
may come from a parent company interested in developing the 
project, or from independent shareholders interested on the idea. 
 

• Obtain an ICF credit line loan. To cover additional needs to the 
shareholders financing, a credit with a bonus interest will be 
requested to BBVA Unnim Banc. The total amount of this loan will 
be 100,000.00 € to be returned in three years, with and interest of 
Euribor at six months plus 2.75%. Moreover, we will also ask for a 
loan of 150,000.00 € to the same credit entity to be returned in five 
years, with the same type of interest. 

 
• Request a Plan Avanza credit. For the initial materials 

financing. Initial funding for materials will be obtained through a 
loan encompassed in the State’s Plan Avanza to be returned in 
three years. This kind of credit has an interest rate equal to Euribor 
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at twelve months, and is expected to be of 10,200.00 €; to meet 
computers and appointments’ expenditures. This loan will be 
requested only in the first year, despite expanding our 
appointments and computers in the third year. 
 

With respect to amortization of fixed assets, we consider the following 
assumptions: 
 

o Computers, appointments and machinery are increasingly 
amortized over the three years. This means that the first year only 
the 10% of the cost is amortized, while on the second year, 30% 
is amortized plus 10% of new tangible assets. Finally, in the third 
year, the remaining 60% of the initial cost is amortized plus 30% 
of tangible assets of the second period and 10% of the newly 
acquired tangible assets of the third year. 

 

o Intangible assets amortization is done along every year. During 
the first year, the fifth part of all the R&D assets is amortized. 
Likewise, on the second year, another fifth part of the intangible 
assets of the first period is amortized plus a fifth part of the R&D 
assets produced in the current period. 
 
Finally, during the third year, three fifth parts of the R&D wage 
costs are amortized, corresponding to the fifth part of every 
period. This means that at the end of the third year, two fifth parts 
of the R&D assets of the first year, three fifth parts of the second 
and four fifth parts of the third period, remain to be amortized in 
subsequent years. Thus amortization of intangible assets is done 
by a ratio of a fifth part per year, including all the previous 
periods. 
 

Furthermore, using the number of customers determined in the market 
model, we will obtain an annual turnover of 319,000.00 €, 450,500.00 € 
and 897,200.00 € for the first three years, respectively. The market 
model and the relevant information of the financial analysis can be found 
on the annex. 
Finally, two important points are added regarding the financial situation of 
the project: 
 

• At the end of the second year, if the assumptions are not enough 
accurate, the project may enter in a situation of temporary 
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insolvency, as the financial solvency ratio for the assumptions made 
is of 1.1. However, this scenario will not be alarming since it would 
be due to a temporary lack of liquidity. If necessary, we may 
request a credit to a bank to deal with any unforeseen costs. 

 
The benefits obtained during the third year add an item of expenditure 
corresponding to corporate tax. It must be kept in mind that the 
taxable amount, of the tax, shall be the amount of income in the period 
tax less any offsetting tax losses from previous tax years. That is, the 
full benefit of the exercise will not be taxed, but so will the sum of the 
results of three years of existence of the company. 
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6. Profitability analysis 
 

Next, we proceed with the analysis of project profitability for three years. 
To this end, we consider billing, operations and maintenance expenses 
(Opex) and capital expenditures (Capex); and most relevant parameters 
are calculated. Table 4 shows the details of these items for the first four 
years of existence of the company. 

 

 2012 2013 2014 2015 

Revenues (€) 319,000.00 450,500.00 897,200.00 1,526,940.48 

Opex (€) -285,853.46 -324,777.09 -490,529.10 -649,098.18 

EBITDA (€) 33,146.54 125,722.91 406,670.90 877,842.30 

EBITDA margin (%) 10.39 27.91 45.33 57.49 

Capex (€) 207,578.42 213,884.42 287,114.00 340,626.04 

Cumulated Capex (€) 207,578.42 421,462.83 708,576.83 1,049,202.87 

Annual Cashflow (€) -174,431.87 -88,161.51 119,556.90 537,216.26 

Cumulated Cashflows (€) -174,431.87 -262,593.38 -143,036.48 394,179.78 
 

Break Even Point (years) 1.49  

Payback Period (years) 2.27  
 

NPV (€) 200,484.32 NPV at 4 years and 12% 

IRR (%) 44  

Table 4 – General results 

As can be seen on table 4, the break even point is achieved in 1.49 years. 
However, this result does not provide crucial information for investors, 
since it only indicates the time at which the project begins to generate 
profits. Therefore, we also present the period of return on investment (or 
payback period) resulting in 2.27 years. 

In addition to these parameters, we also indicate the internal rate of 
return and the net present value. Using these indicators is straightforward 
to see that the project is very profitable, given the high rate of return 
obtained. Moreover, the NPV is calculated for a rate of 12% for the first 
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four years of business, a return percentage result acceptable for a project 
of this type, reporting big earnings estimates. 

Figure 22 shows the evolution of the net cash flow of dividends over the 
three years considered in the project. 

 

Figure 22 - Net cash-flow of dividends 

Although these results are more than satisfactory, it must be remembered 
that all financial information is based on assumptions of market behavior. 
Therefore, below is a basic sensitivity analysis to provide more 
information to investors, even though we only take into account the 
effects of changes in parameters as if they were independent from the 
rest. Specifically, we analyze the pessimistic and optimistic market model 
cases, which information can be found on annex B. 
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Pessimistic Case 

 2012 2013 2014 

Revenues (€) 176,000.00 248,551.72 527,282.76 
Opex (€) -285,853.46 -324,777.09 -490,529.10 
EBITDA (€) -109,853.46 -76,225.37 36,753.66 
EBITDA margin (%) -62.42 -30.67 6.97 
Capex (€) 191,020.75 177,717.89 223,904.71 
Cumulated Capex (€) 191,020.75 368,738.64 592,643.36 
Annual Cashflow (€) -300,874.21 -253,943.26 -187,151.06 
Cumulated Cashflows (€) -300,874.21 -554,817.47 -741,968.52 
 

Break Even Point (years) Not enough data  

Payback Period (years) Not enough data  

 

NPV (€) -604,290.12 NPV at 3 years and 12% 

IRR (%) Incalculable  

Table 5 - General results Sensitivity analysis, pessimistic case 

In this first case, considering the reduction of customers and, therefore, 
the reduction in variable costs, we find that the project is not profitable in 
three years. This is due mainly to the high wage costs compared with the 
few units sold. Even though in the third year revenues overcome opex, 
the project will not be profitable in short term. That is why IRR cannot be 
calculated with this data and NPV results very negative. This can be 
corroborated visually on figure 23. 

 

 

 

 

 

 

 



43 
Magnetic validation system for steel fiber reinforced concrete 

 

   

 

Figure 23 - Net cash-flow of dividends. Sensitivity analysis, pessimistic case 

Optimistic Case 

 2012 2013 2014 

Revenues (€) 434,500.00 613,612.07 1,222,048.28 

Opex (€) -285,853.46 -324,777.09 -490,529.10 
EBITDA (€) 148,646.54 288,834.98 731,519.17 
EBITDA margin (%) 34.21 47.07 59.86 
Capex (€) 235,615.92 243,095.84 341,965.03 
Cumulated Capex (€) 235,615.92 478,711.76 820,676.79 
Annual Cashflow (€) -86,969.37 45,739.14 389,554.14 
Cumulated Cashflows (€) -86,969.37 -41,230.24 348,323.90 
 

Break Even Point (years) 0.87  

Payback Period (years) 1.11  

 

NPV (€) 236,088.68 NPV at 3 years and 12% 

IRR (%) 140  

Table 6 - General results Sensitivity analysis, optimistic case 

Using the optimistic estimation of market we can see an impressive IRR 
to three years over 100%. That is why we can ensure that, under the 
optimistic premise, the project results very profitable. Once again, this is  
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due to a high increase in customer billing, and the inherent reduction of 
unit production costs to the substantial increase in the number of units 
produced. 

With all this information, we can assume that a price reduction strategy, 
that would increase the number of customers in the early years, may help 
improve the results in case of not obtaining the desired profitability. 
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Figure 24 - Net cash-flow of dividends. Sensitivity analysis, pessimistic case 

As we can see on figure 24, the break even point is achieved during the 
first year and the whole inversion is returned on the first half of the 
second year. Therefore, the project would be very profitable and may lead 
to an increase in the number of R&D engineers that could make the 
project even more profitable. 

To finish this financial study, we present some indicative value ratios of 
the evolution of the project. The following table shows these values: 
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  First year Second year Third year 

Economic 
profitability of total 

capital 

   
-10.71 9.38 37.24 

   

Economic return on 
investment 

   
-22.89 17.87 121.95 

   

Financial solvency 
   

2.5 1.1 1.9 
   

Solvency 
   

1.7 2.6 4.0 
   

Indebtedness 
   

1.29 0.84 0.40 
   

Table 7 - Business ratios 

As we found during analysis, from Table 7, is straightforward to see that, 
given the initial investment required for the project, it is not viable in a 
period of less than three years. However, we can see that the company 
has a rate of return on invested capital over 100% in the third year. 
Hence, these are acceptable results for the first two periods and very 
promising for the next. 

Moreover, regarding solvency of the project, seem that it will not face 
problems arising from it, except in the second year, which as discussed 
above, may enter a phase of temporary insolvency if the assumptions 
tend to the pessimistic model, rather than the analyzed model. 

Finally, with respect to the indebtedness of the project, since the 
shareholders’ investment is not very small compared with the loans, we 
have low debt ratios. Therefore, we can assume external funding grant 
relatively easily. 
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7. Environmental Impact 
 

Finally, in addition to the economic benefits that we can obtain with the 
commercialization of the prototype, we find the environmental effect that 
would produce a change in the way that stainless steel fiber reinforced 
concrete structures are verified.  

Nowadays, validation systems require the destruction of the analysed 
sample. Hence, this situation forces manufacturers to overproduce their 
concrete structures in order to fit quality checks. Using the magnetic 
validation system proposed in this project, not only concrete and stainless 
steel fiber wastes will be reduced. It will also result in energy saving, 
since energy needed to build the production excess will not be needed, 
and waste recycle will not be needed; resulting in a higher energy 
efficiency. 

Analyzing all variables together, we can conclude that development of this 
system will report high beneficial by means of high CO2 emissions 
reduction from material extraction and overproduction, energy saving 
from overproduction and recycling, and time saving from overproduction 
and recycling. Therefore, it will be a sustainable project. 
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8. Conclusions  
 

During the realization of this project, it has been proven that the 
magnetic validation system proposed is suitable for magnetic materials 
detection, since all tests performed were reproducible; reporting different 
quantifiable inductance values that can be used to determine the 
presence of fibers inside concrete. Furthermore, we have also found that 
its implementation would be environmentally beneficial, reducing energy 
and CO2 emissions involved in the overproduction of concrete samples for 
testing purposes. 

In regard to the number of turns used to build the coils, results suggest 
that an increase improves sensitivity of the prototypes and, therefore, 
system performance. This increase is proportional to the variation in the 
number of turns, as difference in number of turns between two coils will 
report almost the same results independently of the number of turns in 
the coils. However, parasitic capacitances are increased as coils are made 
bigger and, therefore, they have also to be taken into account. This 
means that additional tests should be performed, using the commercial 
measurement design, to find a balance between building cost, weight, 
parasitic capacitance and system sensitivity. 

Furthermore, conductivity of the materials is a major parameter to be 
considered. Hence, proper calibration of testing system is required in 
order to obtain useful results. In this regard, assassin fiber reports higher 
inductance values in front of regular steel and stainless steel fibers. 
Therefore, the material election should be considered as a key parameter 
during software development to define a proper detection threshold. 

Analyzing interferences’ effect, we can conclude that presence of a 
diamagnetic sample has no measuring impact, while interference induced 
by a ferromagnetic sample acts as an additive contribution for samples 
located within three centimetres distance. This effect may become more 
important taking into account differences in values obtained between the 
“under coil” and “under no coil” positions. However, higher values are 
obtained with the orientation parallel to the magnetic field, thus 
discrimination is possible and interference effect can be reduced. 
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Moreover, measurement over a diamagnetic material reports negative 
inductance values inversely to the ones obtained with the ferromagnetic 
materials. This demonstrates that the proposed system presents 
additional uses that can be also exploited.  

In brief, we can conclude that the magnetic validation system proposed is 
environmental sustainable and reports quantifiable results that can be 
used to determine the orientation and quantity of fibers inside a concrete 
structure, according to material and number of turns of the coil used for 
the measurement system. 
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9. Annex 
 

Annex A – Measures  
 

In this annex, measure values obtained over the different tests and a 
graphical explanation of the angular references used in the study can be 
found. First, tables A1 and A2 present values reported in test one. In 
them, three measures performed in each position can be found for the 70 
turns and the 140 turns prototypes. Note that the smaller rectangle 
shows the position of the system over the concrete samples with an X 
symbol, which points to the pad that had the coil during measurements. 

Next, a graphical description of the second test with a value regarding 
each prototype is presented in table B3. Note that the angular references 
denote the position of the sample, instead of the position of individual 
materials within each sample. Thus, 0º reference for the aligned fibers 
refers to the position where the individual fibers are oriented orthogonal 
to the magnetic field, while the sample is oriented parallel to it. 

Finally, tables A4, A5, A6 and A7 present the values obtained in test 3. 
These tables show the effect of approaching a ferromagnetic or 
diamagnetic material to the testing system. Metric references stand for 
the distance between the measuring system and the interfering sample. 
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Number of turns: 70 
Assassin Fiber 

 
 

Measure 1: 

 

Measure 1: 

 

Measure 1: 

0.1089 mH 0.0972 mH 0.0992 mH 

Measure 2: Measure 2: Measure 2: 

0.1086 mH 0.0979 mH 0.0991 mH 

Measure 3: Measure 3: Measure 3: 

0.1096 mH --- --- 

 
 

Measure 1: 

 

Measure 1: 

 

Measure 1: 

0.1013 mH 0.0976 mH 0.0957 mH 

Measure 2: Measure 2: Measure 2: 

0.1008 mH 0.0981 mH 0.0947 mH 

Measure 3: Measure 3: Measure 3: 

--- 0.0976 mH 0.0969 mH 

Regular steel fiber 

 

Measure 1: 

 

Measure 1: 

 

Measure 1: 

0.0105 mH 0.0199 mH 0.0179 mH 

Measure 2: Measure 2: Measure 2: 

0.0105 mH 0.0199 mH 0.0180 mH 

Measure 3: Measure 3: Measure 3: 

0.0098 mH --- --- 

 

Measure 1: 

 

Measure 1: 

 

Measure 1: 

0.0089 mH 0.0182 mH 0.0108 mH 

Measure 2: Measure 2: Measure 2: 

0.0089 mH 0.0182 mH 0.0107 mH 

Measure 3: Measure 3: Measure 3: 

--- 0.0195 mH 0.0107 mH 

Stainless steel Fiber 

 

Measure 1: 

 

Measure 1: 

 

Measure 1: 

0.0046 mH 0.0055 mH 0.0052 mH 

Measure 2: Measure 2: Measure 2: 

0.0046 mH 0.0055 mH 0.0051 mH 

Measure 3: Measure 3: Measure 3: 

0.0062 mH --- 0.0049 mH 

 

Measure 1: 

 

Measure 1: 

 

Measure 1: 

0.0046 mH 0.0053 mH 0.0054 mH 

Measure 2: Measure 2: Measure 2: 

0.0044 mH 0.0052 mH 0.0056 mH 

Measure 3: Measure 3: Measure 3: 

--- 0.0053 mH --- 
Table A1 – Inductance measures obtained over the different samples with a 70 turns coil with respect 
to the reference inductance value of the prototype of 1.1946 mH. Measures 1 and 2 were performed 
by the same operator under the same environmental conditions and using HP 4192A LF Impedance 
Analyzer. Measures 3 were performed by a different operator, with different environmental conditions 
than the other measures and with Agilent 4263B LCR meter. The X symbol in the orientations 
denotes the position of the coil during measurement. 
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Number of turns: 140 
Assassin Fiber 

 
 

Measure 1: 

 

Measure 1: 

 

Measure 1: 

0.3400 mH 0.3190 mH 0.3130 mH 

Measure 2: Measure 2: Measure 2: 

0.3320 mH 0.3150 mH 0.3130 mH 

Measure 3: Measure 3: Measure 3: 

--- --- --- 

 
 

Measure 1: 

 

Measure 1: 

 

Measure 1: 

0.3110 mH 0.307 mH 0.3020 mH 

Measure 2: Measure 2: Measure 2: 

0.3050 mH 0.304 mH 0.3010 mH 

Measure 3: Measure 3: Measure 3: 

--- --- --- 

Regular steel fiber 

 

Measure 1: 

 

Measure 1: 

 

Measure 1: 

0.0370 mH 0.0720 mH 0.0730 mH 

Measure 2: Measure 2: Measure 2: 

0.0370 mH 0.0690 mH 0.0700 mH 

Measure 3: Measure 3: Measure 3: 

--- --- --- 

 

Measure 1: 

 

Measure 1: 

 

Measure 1: 

0.0210 mH 0.0600 mH 0.0360 mH 

Measure 2: Measure 2: Measure 2: 

0.0210 mH 0.0590 mH 0.0350 mH 

Measure 3: Measure 3: Measure 3: 

--- --- --- 

Stainless steel Fiber 

 

Measure 1: 

 

Measure 1: 

 

Measure 1: 

0.0190 mH 0.0260 mH 0.0360 mH 

Measure 2: Measure 2: Measure 2: 

0.0220 mH 0.0270 mH 0.0380 mH 

Measure 3: Measure 3: Measure 3: 

--- --- --- 

 

Measure 1: 

 

Measure 1: 

 

Measure 1: 

0.0160 mH 0.0190 mH 0.0240 mH 

Measure 2: Measure 2: Measure 2: 

0.0190 mH 0.0200 mH 0.0230 mH 

Measure 3: Measure 3: Measure 3: 

--- --- --- 
Table A2 – Inductance measures obtained over the different samples with a 140 turns coil with 
respect to the reference inductance value of the prototype of 4.003 mH. All measures were performed 
by the same operator under the same environmental conditions and using HP 4192A LF Impedance 
Analyzer. The X symbol in the orientations denotes the position of the coil during measurement. 
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Material/Number of turns comparison (Test 2) 
Aligned fibers 

0º 

 
 

70 turns: 

90º 

 

70 turns: 

45º 

 

70 turns: 
0.0198 0.0423 0.0270 

80 turns: 80 turns: 80 turns: 
0.0209 0.0496 0.0323 

120 turns: 120 turns: 120 turns: 
0.0430 0.0920 0.0600 

140 turns: 140 turns: 140 turns: 
0.0630 0.1420 0.0910 

0º+1cm 

 
 

70 turns: 

90º+1cm 

 

70 turns: 

45º+1cm 

 

70 turns: 
0.0061 0.0122 0.0046 

80 turns: 80 turns: 80 turns: 
0.0056 0.0131 0.0073 

120 turns: 120 turns: 120 turns: 
0.0130 0.0180 0.0130 

140 turns: 140 turns: 140 turns: 
0.0250 0.0310 0.0250 

Ferromagnetic material 

0º 

 

70 turns: 

90º 

 

70 turns: 

45º 

 

70 turns: 
0.0828 0.0326 0.0504 

80 turns: 80 turns: 80 turns: 
0.0898 0.0378 0.0514 

120 turns: 120 turns: 120 turns: 
0.2220 0.0800 0.1560 

140 turns: 140 turns: 140 turns: 
0.2830 0.0930 0.1810 

90º under 
coil

 

70 turns: 

90º under no 
coil 

 

70 turns: 

 

 
0.0606 0.0077  

80 turns: 80 turns:  
0.0715 0.0096  

120 turns: 120 turns:  
0.1800 0.0260  

140 turns: 140 turns:  
0.2340 0.0260  
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Diamagnetic material 

0º 

 

70 turns: 

90º 

 

70 turns: 

45º 

 

70 turns: 
-0.0432 -0.0058 -0.0186 

80 turns: 80 turns: 80 turns: 
-0.0460 -0.0072 -0.0175 

120 turns: 120 turns: 120 turns: 
-0.1170 -0.0320 -0.0790 

140 turns: 140 turns: 140 turns: 
-0.1520 -0.0360 -0.1080 

90º under coil 

 

70 turns: 

90º under no 
coil 

 

70 turns: 

0º+1cm 

 

70 turns: 
-0.0414 -0.0061 -0.0106 

80 turns: 80 turns: 80 turns: 
-0.0364 -0.0050 -0.0155 

120 turns: 120 turns: 120 turns: 
-0.1100 -0.0180 -0.0400 

140 turns: 140 turns: 140 turns: 
-0.1520 -0.0140 -0.0580 

90º+1cm 

 

70 turns: 

45º+1cm 

 

70 turns: 

90º under 
coil+1cm 

 

70 turns: 
-0.0023 -0.0091 -0.0070 

80 turns: 80 turns: 80 turns: 
-0.0029 -0.0092 -0.0173 

120 turns: 120 turns: 120 turns: 
-0.0170 -0.0260 -0.0380 

140 turns: 140 turns: 140 turns: 
-0.0150 -0.0260 -0.0370 

90º under 
coil+1cm 

 

70 turns: 

 

 

 

 
-0.0012   

80 turns:   
-0.0021   

120 turns:   
-0.0070   

140 turns:   
-0.0040   

Table A3 – Inductance measures obtained using the 70 turns and 140 turns single coil prototypes 
and the 80 and 120 two coil prototypes. Angular references stand for the position of the samples 
under the methacrylate surface regarding the prototypes.  
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70 turns 

 
Ferromagnetic material (mH) Diamagnetic material (mH) 

No interference 0.0193 0.0197 
1 cm 0.0289 0.0178 
2 cm 0.0236 0.0189 
3 cm 0.0192 0.0191 

Table A4 – Interference effect measured with a 70 turns single coil prototype. 

 

 

 
80 turns 

 
Ferromagnetic material (mH) Diamagnetic material (mH) 

No interference 0.0209 0.0209 
1 cm 0.0353 0.0162 
2 cm 0.0279 0.0191 
3 cm 0.0227 0.0209 

Table A5 – Interference effect measured with an 80 turns two coil prototype. 

 

 

 
120 turns 

 
Ferromagnetic material (mH) Diamagnetic material (mH) 

No interference 0.042 0.042 
1 cm 0.0770 0.044 
2 cm 0.0570 0.042 
3 cm 0.0460 0.042 

Table A6 – Interference effect measured with a 120 turns two coil prototype. 

 

 

 
140 turns 

 
Ferromagnetic material (mH) Diamagnetic material (mH) 

No interference 0.0530 0.0530 
1 cm 0.0760 0.0460 
2 cm 0.0630 0.0500 
3 cm 0.0570 0.0510 

Table A7 – Interference effect measured with a 140 turns two coil prototype. 
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Annex B – Economic 
 

In this annex, information used in order to develop the financial and profitability 
analysis can be found. Here you will be find economic information for the first three 
exercises, market model, sensitivity analysis, profit and loss account, and balance 
sheet. As balance and profit and loss account reports are not equally presented and 
calculated in all countries, the Spanish model has been used, keeping all concepts in 
Spanish in this annex. First, financial ratios are presented: 

 

 

 

 First Exercise Second 
Exercise Third Exercise 

Economic profitability of total capital -10.67 9.34 37.90 

Economic Return on Equity -22.92 17.84 126.61 

Financial Solvency 2.5 1.1 1.9 

Solvency 1.7 2.6 4.0 

Indebtedness 1.30 0.85 0.40 

 

Table B1 – Financial ratios expected for the project. 



Product Product price Sold Units Total income

Magnetic Validation System (MAVASYS) 550.00 580 319,000.00 

Total 319,000.00 

Intelectual property registry Register price Renewal cost (5 years)
System software 72.00 185.00 

Total 109.00 

Software development Number of workers Price/hour Horas hombre estimadas Final cost Social expenditures

Software developer 2.00 12.00 600.00 14,400.00 4,320.00

Infrastructure Fee (€/month) Annual Cost
Software development office 600.00 7,200.00 

Development, quality and assembly 
center 900.00 10,800.00 

Total 18,000.00 

Cost of materials Quantity Cost Annual estimation
Computers 6.00 1,200.00 7,200.00 Three years financed

 Appointments --- --- 3,000.00 through Plan Avanza
Office supplies --- --- 1,800.00 with an interest equal to
Other materials --- --- 600.00  Euribor at twelve months

Machinery --- --- 10,000.00
Total 22,600.00 

Amortization of materials Amortization
Computers 720.00 Increasing amortization. 10% first year

 Appointments 300.00 Increasing amortization. 10% first year
Intangible 25,958.40
Machinery 1,000.00 Increasing amortization. 10% first year

Total 27,978.40

Product development cost Marginal cost Stock Stock Value Cost of raw materials per 
unit

Provisioning total 
cost

Ferritic kernel 42.00 25.00 1,050.00 42.00 25,410.00
Cooper cable Spool 4.00 10.00 40.00 0.13 78.67

LCD Screen 19.00 25.00 475.00 19.00 11,495.00
Electronic components and PCB 3.00 50.00 150.00 3.00 1,890.00

Plastic Case and buttons 0.75 25.00 18.75 0.75 453.75
Battery 30.00 25.00 750.00 30.00 18,150.00

Total 2,483.75 

Consumption Price Estimated consumption Estimated annual 
consumption cost

Electricity (KWh) 0.12289 4,406.40 2,313.46 
Other consumption 70.00 40.80 2,856.00 

Total 5,169.46 

Personel Number of workers Price/hour Estimated waged hours Wage costs Social expenditures Final cost
Commercial 2.00 10.00 2,080.00 41,600.00 12,480.00 54,080.00 

Assembly technician 7.00 7.00 2,080.00 101,920.00 30,576.00 132,496.00 
Quality technician 3.00 9.00 2,080.00 56,160.00 16,848.00 73,008.00 

R&D software 2.00 12.00 1,480.00 35,520.00 10,656.00 46,176.00 
R&D products 2.00 12.00 2,080.00 49,920.00 14,976.00 64,896.00 

Total 299,520.00 89,856.00 370,656.00 

Marketing plan
20,000.00 

Insurance Annual fee
Unnim Bank 700.00 

Patrimony Quantity Concept Interest Devolution period (years) Interest to be paid Amortization

Financing línea ICF Unnim 100,000.00 Interest: Euribor at six months + 2,75% 4.78 3.00 4,783.00 33,333.33
Financing línea ICF Unnim 150,000.00 Interest: Euribor at six months + 2,75% 4.78 5.00 7,174.50 30,000.00

Financing accionistas 150,000.00 
Plan avanza 12,600.00 Pay for materials. Euribor at twelve months 2.03 3.00 256.28 4,200.00

Total 412,600.00 Total 12,213.78 67,533.33

731,600.00 Income
524,206.09 Expenses
207,393.91 Cash

First year, register price. Renewal cost divided within the first five years.

Prices, costs and billing detail of the first year:

Table B2 - Prices, costs and billing detail of the first year
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Product Product price Sold Units Total income
Magnetic Validation System 

(MAVASYS) 530.00 850 450,500.00 

Total 450,500.00 

Intelectual property registry Register price Renewal cost (5 years)
System software 72.00 185.00 

Total 37.00 

Infrastructure Fee (€/month) Annual Cost
Software development office 650.00 7,800.00 

Development, quality and assembly 
center 900.00 10,800.00 

Total 18,600.00 

Cost of materials Quantity Cost Annual estimation
Computers --- --- 0.00

 Appointments --- --- 0.00
Office supplies --- --- 1,920.00
Other materials --- --- 660.00

Machinery --- --- 2,000.00

Amortization of materials Amortization
Computers 2,160.00 Increasing amortization. 30%

Appointment 900.00 Increasing amortization. 30%
Intangible 51,916.80 86,155.20 Cumulated amortization
Machinery 3,200.00 Increasing amortization. 30% + 10 % new

Total 58,176.80

Product development cost Marginal cost Stock Stock Value Cost of raw materials per 
unit

Provisioning total 
cost

Ferritic kernel 42.00 40.00 1,680.00 42.00 36,330.00
Cooper cable Spool 5.00 10.00 50.00 0.17 141.67

LCD Screen 19.00 40.00 760.00 19.00 16,435.00
Electronic components and PCB 3.00 50.00 150.00 3.00 2,550.00

Plastic Case and buttons 0.75 40.00 30.00 0.75 648.75
Battery 30.00 40.00 1,200.00 30.00 25,950.00

Total 3,870.00 

Consumption Price Estimated consumption Estimated annual 
consumption cost

Electricity (KWh) 0.14187 4,406.40 2,397.09 
Other consumption 75.00 40.80 3,060.00 

Total 5,457.09 

Personel Number of workers Price/hour Estimated waged hours Wage costs Social expenditures Final cost
Commercial 2.00 10.00 2,080.00 41,600.00 12,480.00 54,080.00 

Assembly technician 9.00 7.00 2,080.00 131,040.00 39,312.00 170,352.00 
Quality technician 3.00 9.00 2,080.00 56,160.00 16,848.00 73,008.00 

R&D software 2.00 12.00 2,080.00 49,920.00 14,976.00 64,896.00 
R&D products 2.00 12.00 2,080.00 49,920.00 14,976.00 64,896.00 

Total 328,640.00 98,592.00 427,232.00 

Marketing plan
20,000.00 

Insurance Annual fee
Unnim Bank 700.00 

Patrimony Quantity Concept Interest Devolution period (years) Interest to be paid Amortization

Financing línea ICF Unnim 100,000.00 Interest: Euribor at six months + 2,75% 4.78 3.00 4,783.00 33,333.33
Financing línea ICF Unnim 150,000.00 Interest: Euribor at six months + 2,75% 4.78 5.00 7,174.50 30,000.00

Financing accionistas 150,000.00 
Plan avanza 12,600.00 Pay for materials. Euribor at twelve months 2.03 3.00 256.28 4,200.00

Total 412,600.00 Total 12,213.78 67,533.33

207,393.91 Cash from previos year
450,500.00 Income
551,437.61 Expenses
106,456.30 Cash

First year, register price. Renewal cost divided within the first five years.

Prices, costs and billing detail of the second year:

Table B3 - Prices, costs and billing detail of the second year
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Product Product price Sold Units Total income
Magnetic Validation System 

(MAVASYS) 480.00 840 403,200.00 

Magnetic Validation System V2 
(MAVASYS 2) 650.00 760 494,000.00 

Total 1,600.00 897,200.00

Intelectual property registry Register price Renewal cost (5 years)
System software 72.00 185.00 

Total 37.00 

Infrastructure Fee (€/month) Annual Cost
Software development office 700.00 8,400.00

Development, quality and assembly 
center 1,000.00 12,000.00

Total 20,400.00

Cost of materials Quantity Cost Annual estimation
Computers 2.00 1,350.00 2,700.00

 Appointments --- --- 1,200.00
Office supplies --- --- 2,220.00
Other materials --- --- 780.00

Machinery --- --- 0.00

Amortization of materials Amortization
Computers 4,590.00

Appointment 1,920.00
Intangible 77,875.20 177,140.40 Cumulated amortization
Machinery 6,600.00

Total 90,985.20

Product development cost Marginal cost Stock Stock Value Cost of raw materials per 
unit

Provisioning 
total cost

Ferritic kernel 50.00 60.00 3,000.00 50.00 81,000.00
Cooper cable Spool 5.50 30.00 165.00 0.18 297.00

LCD Screen 17.00 60.00 1,020.00 17.00 27,540.00
Electronic components and PCB 3.50 80.00 280.00 3.50 5,705.00

Plastic Case and buttons 1.00 60.00 60.00 1.00 1,620.00
Battery 23.00 60.00 1,380.00 23.00 37,260.00

Touch Screen 21.00 80.00 1,680.00 21.00 35,280.00
Total 7,585.00

Consumption Price Estimated consumption Estimated annual consumption cost
Electricity (KWh) 0.16378 5,803.20 3,525.90

Other consumption 79.00 40.80 3,223.20
Total 6,749.10

Personel Number of workers Price/hour Estimated waged hours Wage costs Social 
expenditures Final cost

Commercial 2.00 10.00 2,080.00 41,600.00 12,480.00 54,080.00
Assembly technician 15.00 7.00 2,080.00 218,400.00 65,520.00 283,920.00

Quality technician 5.00 9.00 2,080.00 93,600.00 28,080.00 121,680.00
R&D software 2.00 12.00 2,080.00 49,920.00 14,976.00 64,896.00
R&D products 2.00 12.00 2,080.00 49,920.00 14,976.00 64,896.00

Total 453,440.00 136,032.00 589,472.00

Marketing plan
30,000.00 

Insurance Annual fee
Unnim Bank 700.00

Patrimony Quantity Concept Interest Devolution period (years) Interest to be 
paid Amortization

Financing línea ICF Unnim 100,000.00 Interest: Euribor at six months + 2,75% 4.78 3.00 4,783.00 33,333.33
Financing línea ICF Unnim 150,000.00 Interest: Euribor at six months + 2,75% 4.78 5.00 7,174.50 30,000.00

Financing accionistas 150,000.00 
Plan avanza 12,600.00 Pay for materials. Euribor at twelve months 2.03 3.00 256.28 4,200.00

Total 412,600.00 Total 12,213.78 67,533.33

106,456.30 Cash from previos year
897,200.00 Income
719,731.90 Expenses
283,924.40 Cash

Prices, costs and billing detail of the third year:

Table B4 - Prices, costs and billing detail of the third year

First year, register price. Renewal cost divided within the first five years.

Increasing amortization. 60% + 10% new.
Increasing amortization. 60% + 10% new.

Increasing amortization. 60% + 30%
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Ejercicio: 31/12/2012 31/12/2013 31/12/2014
Clase: Individual PCG-07Individual PCG-07Individual PCG-07
Tipo: Privado cerrado Privado cerrado Privado cerrado
Días Cont: 365 365 365

Importe neto de la cifra de negocios 319,000.00 450,500.00 897,200.00
Ventas 319,000.00 450,500.00 897,200.00
Variación de existencias 2,483.75 1,386.25 3,715.00
Trabajos realizados por la empresa para su activo 129,792.00 129,792.00 129,792.00
Aprovisionamientos 57,477.42 82,055.42 188,702.00
Consumo de mercaderías y otras materias 57,477.42 82,055.42 188,702.00
Trabajos realizados por otras empresas
Otros ingresos de explotación
Ingresos accesorios y otros de gestión corriente
Subvenciones de explotación
Compras -57,477.42 -82,055.42 -188,702.00 
Gastos de personal -389,376.00 -427,232.00 -589,472.00 
Otros gastos de explotación -46,378.46 -47,374.09 -60,886.10 1

Amortización del inmovilizado -27,978.40 -58,176.80 -90,985.20 
Imputación de subvenciones de inmovilizado
Excesos de provisiones
Deterioro y resultado por enajenaciones del 
inmovilizado
Otros resultados
Resultado de explotación -12,457.11 48,895.36 289,363.70
Ingresos financieros
De particip. en instrumentos de patrimonio
De valores negociables y otros

Imputación de subvenciones, donaciones y legados

Gastos financieros -12,213.78 -12,213.78 -12,213.78 
Por deudas con empresas del grupo y asociadas
Por deudas con terceros -12,213.78 -12,213.78 -12,213.78 
Por actualización de provisiones
Variación de valor razonable en instrumentos 
financieros
Diferencias de cambio
Deterioro y resultado por enajenamiento de 
instrumentos financieros
Otros ingresos y gastos de carácter financiero
Resultado financiero -12,213.78 -12,213.78 -12,213.78 
Resultado antes de impuestos -24,670.89 36,681.57 277,149.91
Impuestos sobre beneficios -86,748.18 2

Resultado del ejercicio procedente de operaciones 
continuadas -24,670.89 36,681.57 190,401.74
Resultado del ejercicio procedente de operaciones 
interrumpidas neto de impuestos
Resultado del ejercicio -24,670.89 36,681.57 190,401.74
Dividendos
EBITDA 33,146.54 125,722.91 406,670.90
Margen EBITDA 10.39 27.91 45.33
Cash-flow neto de dividendos -174,431.87 -88,161.51 119,556.90
Resultado antes imp. de activid. continuadas neto de 
extraordinarios

1 Fixed rental, insurance, resource consumption, other materials, marketing plan, etc.
2 The taxable amount shall be the amount of income in the tax period reduced by offsetting tax losses of previous tax 

years.

Table B5 - Profit and loss account
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Ejercicio: 31/12/2012 31/12/2013 31/12/2014
Clase: Individual PCG-07 Individual PCG-07 Individual PCG-07
Tipo: Privado cerrado Privado cerrado Privado cerrado
Días Cont: 365 365 365

Activo

Activo No Corriente 149,992.00 281,784.00 415,476.00
Inmovilizado intangible 129,792.00 259,584.00 389,376.00
Inmovilizado material 20,200.00 22,200.00 26,100.00
Inversiones inmobiliarias
Inversiones en empresas grupo y asoc. a l/p
Inversiones financieras a largo plazo
Activos por impuesto diferido
Otros activos no corrientes

Activo Corriente 209,877.66 110,326.30 291,509.40
Activos no corrientes para la venta
Existencias 2,483.75 3,870.00 7,585.00
Deudores comerciales y otras ctas a cobrar
Clientes por vtas y prest. de servicios
Acc. (socios) por desembolsos exigidos
Otros deudores
Invers. en empresas grupo y asoc. a c/p
Inversiones financieras a corto plazo
Periodificaciones a corto plazo
Efectivo y otros activos líquidos equivalentes 207,393.91 106,456.30 283,924.40

Amortizaciones -27,978.40 -86,155.20 -177,140.40 

Total Activo 331,891.26 305,955.10 529,845.00

Patrimonio Neto y Pasivo

Patrimonio Neto 125,329.11 162,010.68 352,412.42

Fondos propios
Capital 150,000.00 150,000.00 150,000.00
Capital escriturado 150,000.00 150,000.00 150,000.00
(Capital no exigido)
Prima de emisión
Reservas
(Acciones y part. en patrimonio propias)
Resultados de ejercicios anteriores -24,670.89 12,010.68
Otras aportaciones de socios
Resultado del ejercicio -24,670.89 36,681.57 190,401.74
(Dividendo a cuenta)
Otros instrumentos de patrimonio neto

Ajustes por cambios de valor

Subvenciones, donaciones y legados recibidos
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Pasivo No Corriente 127,533.33 60,000.00 30,000.00
Provisiones a largo plazo
Deudas a largo plazo 127,533.33 60,000.00 30,000.00
Deudas con entidades de crédito 127,533.33 60,000.00 30,000.00
Acreedores por arrendamiento financiero
Otras deudas a largo plazo
Deudas con empresas del grupo y aso. a l/p
Pasivos por impuesto diferido
Otros pasivos no corrientes
Periodificaciones a largo plazo

Pasivo Corriente 79,028.82 83,944.42 147,432.58
Pasivos vinculados con activos a la venta
Provisiones a corto plazo
Deudas a corto plazo 67,533.33 67,533.33 30,000.00
Deudas con entidades de crédito 67,533.33 67,533.33 30,000.00
Acreedores por arrendamiento financiero
Otras deudas a corto plazo
Deudas con empresas del grupo y aso. a c/p
Acreedores comerciales y otras cta a pagar 11,495.48 16,411.08 117,432.58
Proveedores 11,495.48 16,411.08 30,684.40
Otros acreedores (IS) 86,748.18
Otros pasivos corrientes
Periodificaciones a corto plazo

Total patrimonio neto y pasivo 331,891.26 305,955.10 529,845.00
Table B6 - Balance sheet
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2012 2013 2014 2015
Revenues 319,000.00 450,500.00 897,200.00 1,526,940.48
Opex -285,853.46 -324,777.09 -490,529.10 -649,098.18
EBITDA 33,146.54 125,722.91 406,670.90 877,842.30
EBITDA margin 10.39 27.91 45.33 57.49
Capex 207,578.42 213,884.42 287,114.00 340,626.04
Cumulated Capex 207,578.42 421,462.83 708,576.83 1,049,202.87
Annual Cashflow -174,431.87 -88,161.51 119,556.90 537,216.26
Cumulated Cashflows -174,431.87 -262,593.38 -143,036.48 394,179.78

Break Even 1.49
Payback Period 2.27

VAN TRI
200,484.32 44

Table B7 - Profitability analysis data.

Data used for the profitability analysis

VAN at 3 years and 12%

Unlevered Cashflow

Figure B1 - Unlevered Cashflow.
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Realistic Model Pessimistic Model Optimistic Model

First Year MAVASIS 580 320 790
Total 580 320 790 

Realistic Model Pessimistic Model Optimistic Model

Second Year MAVASIS 850 469 1158
Total 850 469 1158

Realistic Model Pessimistic Model Optimistic Model

MAVASIS 840 463 1144
MAVASIS V2 760 419 1035

Total 1,600 883 2179

Year Realistic Pessimistic Optimistic
2012 580 320 790
2013 850 469 1,158
2014 1,600 883 2,179

Market Model

Third Year

Sold UnitsProduct

Product Sold Units

Product Sold Units

Table B8 - Market model.

Figure B2 - Annual estimation of users.
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2012 2013 2014
Revenues 176 000 00 248 551 72 527 282 76

Payback (Sensitivity Analysis)

Revenues 176,000.00 248,551.72 527,282.76
Opex -285,853.46 -324,777.09 -490,529.10
EBITDA -109,853.46 -76,225.37 36,753.66
EBITDA margin -62.42 -30.67 6.97
Capex 191,020.75 177,717.89 223,904.71 Pessimistic Case
Cumulated Capex 191,020.75 368,738.64 592,643.36
Annual Cashflow -300,874.21 -253,943.26 -187,151.06
Cumulated Cashflows -300,874.21 -554,817.47 -741,968.52

Break Even Not enough data
Payback Period Not enough data

VAN TRIVAN TRI
-604,290.12 Not enough data

2012 2013 2014
Revenues 434,500.00 613,612.07 1,222,048.28
Opex -285,853.46 -324,777.09 -490,529.10

VAN at 3 years and 12%

Opex 285,853.46 324,777.09 490,529.10
EBITDA 148,646.54 288,834.98 731,519.17
EBITDA margin 34.21 47.07 59.86
Capex 235,615.92 243,095.84 341,965.03 Optimistic Case
Cumulated Capex 235,615.92 478,711.76 820,676.79
Annual Cashflow -86,969.37 45,739.14 389,554.14
Cumulated Cashflows -86,969.37 -41,230.24 348,323.90

Break Even 0.87
Payback Period 1.11

VAN TRI
236 088 68 140 VAN at 3 years and 12%236,088.68 140 VAN at 3 years and 12%

Table B9 - Profitability analysis data (sensitive analysis).
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Unle ered Cashflo Optimistic
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Magnetic validation system for steel fiber reinforced concrete 

 

   

 
Annex C – Real images 
In this annex, real images of the assembly of the measuring system and samples 

can be found: 

Testing instruments: 

 

 

Figure C1 – HP 4192A LF Impedance Analyzer 

 

 

Figure C2 – Agilent 4263B LCR Meter 
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Figure C3 – UNKNOWN terminals from HP 4192A LF Impedance Analyzer. 

 

 

Figure C4 – Two equivalent alternatives used to plug the system to the measuring instruments in 
order to solve the effects of mutual coupling between the leads [6]. 



69 
Magnetic validation system for steel fiber reinforced concrete 

 

   

 

 

 

 

Figure C5 – Mechanical lap counter to build de coils. 

 

Samples: 

 
Figure C6– Set of aligned fibers over a diamagnetic tape. 10 cm wide with fibers of 5 cm high. 
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Figure C7 – Set of aligned fibers over a diamagnetic tape. Rear view. 10 cm wide, 5 cm high.. 

 

 

Figure C8 – Concrete sample filled with regular steel fiber. 30 cm wide, 15 cm high. 
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Figure C9 – Concrete sample filled with regular steel fiber. Rear view. 30 cm wide, 15 cm high. 

 

 

Figure C10 – Concrete sample filled with regular steel fiber. Rear view. 30 cm wide, 15 cm high. 
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Figure C11 – Concrete sample filled with stainless steel fiber. 30 cm wide, 15 cm high. 

 

 

Figure C12 – Concrete sample filled with stainless steel fiber. Rear view. 30 cm wide, 15 cm high. 
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Figure C13 – Concrete sample filled with stainless steel fiber. Rear view. 30 cm wide, 15 cm high. 

 

 

Figure C14 – Concrete sample filled with stainless steel fiber. 30 cm wide, 15 cm high. 
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Figure C15 – Concrete sample filled with stainless steel fiber. Rear view. 30 cm wide, 15 cm high. 

 

 

Figure C16 – Ferromagnetic iron piece. 9 cm wide, 2 cm high. 
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Figure C17 – Ferromagnetic iron piece. Side view. 9 cm wide, 2 cm high. 

 

 

Figure C18 – Ferromagnetic iron piece. Side view. 9 cm wide, 2 cm high. 

 

 

Figure C19 – Diamagnetic aluminum sample. 25 cm wide, 2 cm high. 
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Figure C20 – Diamagnetic aluminum sample. 25 cm wide, 2 cm high. 

 

 

Figure C21 – Diamagnetic aluminum sample. Side view. 25 cm wide, 2 cm high. 

 

 

Figure C22 – Diamagnetic sample. Side view. 25 cm wide, 2 cm high. 
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Testing System: 

 

 

Figure C23 – Testing system. 70 turns single coil prototype, 4263B LCR METER and concrete 
samples. 

 

 

Figure C24 – 70 turns single coil prototype over stainless steel fiber concrete sample. 
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Figure C25 – Testing system. 70 turns single coil prototype, 4263B LCR METER and concrete 
samples. Alternative cabling. 

 

 

Figure C26 – 140 turns single coil prototype over stainless steel fiber concrete sample. 
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Figure C27 – Different testing prototypes. From left to right: Two coils prototype, single coil 
prototype and initial two coils prototype. 

 

 

Figure C28 – 70 turns single coil prototype with 140 turns coil behind. 
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Figure C29 – Testing system. Two coil prototype, 4192A LF Impedance Analyzer and regular steel 
fiber concrete sample. 
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