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ABSTRACT: In this paper, the last building designed by Oscar Niemeyer in Brasilia, the tower 
for the transmission of digital TV signals, is addressed. For this, both optical technology as well 
as the structural monitoring system applied to the building, are presented and discussed. 
Subsequently, the premises adopted in order to systematically monitor the structure in long-term 
and real-time, are discussed in its main aspects. Designed to assist observations of the behavior 
of the whole structure in order to monitor its major components over time, the tracking system 
will serve also to identify the formation and accumulation of structural damage which may 
occur during the operation of the structure. Within a modern approach of making decisions in 
short-term, regarding the implementation of maintenance procedures to ensure the expected 
longevity for a structure of remarkable scale as the one discussed here, will be largely 
facilitated. Finally, initial results coming from preliminary tests, are presented and discussed. 
 

1 INTRODUCTION 

Received by technical professionals as the new architectural referential of the Brazilian Capital, 
the recently built tower constructed for the transmission of digital TV signals, is addressed here, 
in particular aspects understood as being of technological interest. 
As an especial building designed with unique characteristics, the structure of the tower was 
planned into two monolithic bodies with a total height of about 182 m. 
In the present stage of development, the main tower, which was built in reinforced and 
prestressed concrete, received instrumentation for the monitoring of physical quantities of high 
interest related with its performance. An illustration of this structure is shown in Figure 1. The 
second structure is a steel tower built on the above-mentioned one. The main physical quantities 
to be supervised are: 

• Specific deformations in concrete reinforcement bars; 
• Specific deformations in the interior of strategic components of the reinforced concrete; 
• Variations of forces in the active anchors of the prestressing cables; 
• Temperature fields in the regions of the sensors; 
• Triaxial monitoring of structural accelerations; 
• Wind velocities. 

Thus, this system should contribute for the investigation of the behavior of the whole structure 
regarding complex structural solicitations that will actuate on it over time.  
According with Arangio and Bontempi (2014), structural health monitoring assumes an 
essential role to improve the knowledge on the structural system and to allow reliable 
evaluations of the structural safety in operational conditions. So, the Structural Health 
Monitoring, SHM, should be planned at the design phase and should be performed during the 



  

 

  

entire life-cycle of the structure, because it represents an effective way to control the structural 
system in a proactive way (Frangopol, 2011).  
The circumstances that may eventually lead to deterioration, damage and unsafe operations can 
be also diagnosed and mitigated in a timely manner, and costly replacements can be avoided or 
delayed. 
However, in the present case these basic premises unfortunately have not been implemented. 

 
 

Figure 1 - View of the main tower built in reinforced and prestressed concrete. 
 
Thus, the expected longevity for a structure of exceptional significance like the one discussed 
here, may be desired, especially if the approaches of preservation and conservation that are the 
prospects of the modern world, are taken into account. 
Because it is a relatively new practice in structural engineering, some introductory concepts 
regarding the use of optical technology applied to civil constructions are initially presented. 
Subsequently, the system implemented is discussed in its main aspects. Finally, results from 
preliminarily interrogation of sensors, obtained during the installation processes, are presented 
and discussed. 



  

 

  

2 OPTICAL SENSING 

Monitoring of structural components, dams, and other land mass of geotechnical relevance are 
still carried out using, for example, conventional electrical strain gage and topographical or 
geodetic techniques designed for decades. Indeed, in many practical applications, these 
techniques are, in fact, the most convenient or, technically, the most recommended. 
Actually, sensing technology based on fiber Bragg gratings in optical fibers (FBG), have been 
presented as an advantageous alternative in most practical situations or alternatively ideal for 
solving many special problems.  
The main differences of optical sensing regarding other technics based on electrical strain gages 
methods are: 

• High sensitivity; 
• Electromagnetic immunity; 
• Self-referencing capability (automatic calibration); 
• Long-term reliability; 
• Good resistance to degradation due to chemical and the environmental causes.    

When compared with other optical approaches, similar to Fabry-Perot (FP) interferometric 
techniques, it takes some advantages due to the fact that FP techniques usually  adds some  
difficulties in terms of sensor multiplexing in the same optical fiber when compared with FBGs 
(Barazanchy et al., 2014).  

2.1 Intrinsic sensors based on fiber Bragg gratings in optical fibers 

Formally, a fiber Bragg grating can be defined as a structure which causes a resonant coupling 
between modes of propagation in the fiber, which results in the rejection of a band of the optical 
frequencies in the transmitted light spectrum. 
Technically, the Bragg gratings may be seen as periodic structures which serve to the 
modulation of the refractive index of the nucleus of an optical fiber along the axis of light 
propagation (Frazão et al, 1999). 
In other words, these networks provide periodic changes in the refractive index of the light 
(introduced in small regions of the material constituting the optical fiber), in order that certain 
wavelengths are transmitted and others reflected.  
In these places, also called "grids" the properties of the reflection spectrum are changed due to 
local changes of the refractive index, which shall give to the material characteristics of 
heterogeneity of their optical properties.  
The spacing between consecutive regions that suffered the aforementioned changes of the 
refractive index, n, is called the spatial period, Λ, which is a particular feature of the Bragg 
grating.  
This important parameter gives a particular characteristic to the network with regard the length 
of the reflected waves, thus allowing the unambiguous identification of the signals reflected by 
it, or the location from where it was originated.  
The Bragg gratings have as main characteristic the ability to reflect part of the optical power at 
wavelengths close to the Bragg wavelength, or operate as reflective spectral-selective filters. 
The Bragg diffraction condition for normal incidence is given by Equation 1:  

�λ� � 	2��		Λ								           (1)  

where λb is the wavelength of the reflected light of order m, nef is the average refractive index of 
the assembly comprising the shell and the core of the fiber, m, is the order of the reflected 
wavelength (usually equal to one) and Λ , the spatial period of the Bragg grating. As shown in 



  

 

  

Equation 1, the wavelength of reflected light, λb, is associated with the refractive index, nef, and 
the spatial frequency of modulation of the refractive index, Λ, such that the occurrence of any 
change in one of these two parameters will cause a change in λb, as illustrated in Figure 2. 

 

Figure 2 – Changes in the reflection spectra due to external forces of tension and compression. 
 
In its undeformed position, the Bragg grating shown in Figure 2 reflects a standard signal 
characteristic of this network, whose wavelength is λb. Thus, it is said that the network is 
centered (or with centered resonance) in λb. 
As mentioned, the intrinsic sensors built by Bragg diffraction gratings, explore fundamentally 
changes that can be caused in λb.  
When subjected to traction, the elongated network moves toward to reflect a signal with slightly 
longer wavelength than that on the network center, λb. When compressed, the network behavior 
is reversed. In this case, the reflected signal has a wavelength slightly shorter than the length λb. 
Moreover, the modular sum of the differences caused in the maximum wavelength of the 
reflected signal, which can be obtained with the elongation and shortening of the network (≈ 
2Δλb) receives the name of optical window of the system.  
This window is defined by the deformability of the material that constitutes the Bragg grating 
and sets the operating capacity of the system, from the standpoint of its use as a sensor. 

2.2 Strain and temperature sensors  

From the mechanical point of view, the changes of interest in λb may result from the application 
of tensile or compressive stresses to the fiber, or through the imposition of thermal variations. 
This change can be written differentiating Equation 1:  

 ∆� � 2�Λ ������ � n��
��
���Δ� � 2 �Λ

����
�� � n��

��
��� Δ�   (2) 

where Δl is the change in length of the network after deformation, regarding its original length. 
The first term of the second member of the Equation 2 indicates the change in the reflected 
wavelength due to mechanical strain resulting from external stresses. On the other hand, the 



  

 

  

second term indicates the change in the reflected wavelength due to temperature variation. 
Rewriting Equation 2 according to its different meanings, results: 

Δλ� � Δλ	�� � Δλ	��	        (3) 

where 

∆� � 2�Λ ������ � n��
��
���Δ� � �!1 # $%&    (4) 

and 

∆�� � 2�Λ ������ � n��
��
��� Δ� � �!'� # '�%Δ�    (5) 

      
In Equations 4, p is the opto-mechanical coefficient of the fiber, ε is the specific strain, αΛ the 
coefficient of thermal expansion of the fiber and αn (sometimes designated ζ), the thermo-optic 
coefficient. The opto-mechanical coefficient, p, is given by: 

$ � ���(
) *$+) # ,!$++	 � $+)%-       (6)  

where υ is Poisson's ratio of the material and pij (i, j = 1,2) are the Pockels’s coefficients which 
are components of the optical-mechanical tensor (Othonos and Kalli, 1999). For a silicon fiber 
doped with germanium, these constants are: p11=0.113 and p12=0.252. 
Substituting these values into Equation 6 with n = nef =1.482 and υ = 0.17, the opto-mechanical 
coefficient, p, is found to be 0.213, resulting from Equation 4 that: 

Δλ	�� � 0.791	λ�ε	   or  & � +
3.45+ 6

78	9:
89 ;    (7) 

Adopting αn=8.6.10-6/oC and αΛ=0.55.10-6/oC, Equation 5 gives: 

Δλ	�� � λ�	0.915x10>?	ΔT     or  ΔT � 0.915x10? 678	9A89 ;  (8) 

In conclusive terms, a specific deformation corrected for the thermo-elastic effects (generally 
assumed to behave linearly, what is not true), is calculated by means of Equation 9:  

& � +
3.45+ 6

78	9:
89 ; # '�ΔT       (9) 

3 INSTALLATION OF THE MONITORING SYSTEM 

An overview of the set of sensors to be used in the development of sensing activities, as well as 
the symbols used throughout the design development are illustrated in Figure 4. 
Several were the technical considerations set for the project and implementation of the 
executive design for the structural monitoring system. Once prioritized, the central premises led 
to the main focus of attention, as follows: 

A) Wind velocities: Due to the effects of turbulence, as well as the decreasing effect of the wind 
velocities in lower regions due to surface roughness, the distribution of the sensors was 
performed in higher positions of the steel tower. Such instrumentation was subsequently 
redefined so as to provide also the evaluation of the dominant wind direction, since the test of 
the structure in a wind tunnel missed the examination of the behavior of the structural assembly 
in certain directions such as, 45 °, for example; 



  

 

  

 

Figure 4 - Arrangement of sensors for structural monitoring - Tower of Brasilia. 
 
B) Load cells: In view of the geometric conformation of the concrete tower, which is endowed 
with extensive lateral cantilevered domes located at different levels (61,20m and 80,15m), it 
was considered appropriate to execute the instrumentation of the main anchors blocks of the 
prestressed cables connecting the ends of these cantilevers to the main structure of the tower, in 
order to use them as load cells. 
Considering that each of the cantilevered domes is prestressed with only two parallel cables 
spaced on the order of 3.0 m, the introduction of torsional effects into the main body of the 
tower, as a result of wind action, for example, will be inevitable. However, the unbalance of 
forces between cables that will result from an event like this will help to find the torques 
introduced into the tower, in a relatively simple way.  
Moreover, this instrumentation will enable simultaneously monitoring the overloads applied as 
well as the long-term loss of prestresses, aspects that can give origin to structural damage 



  

 

  

processes such as cracking of the concrete and other effects associated with the increasing 
permeability of the structure;  
C) Surface extensometric instrumentation: Were installed on the longitudinal reinforcement bars 
of the reinforced concrete structure, in the lower regions of the tower, aiming the monitoring of 
the specific strains and their evolution along time; 
D) Immersion Instrumentation: These sensors, which engage strains and temperatures 
monitoring capabilities in a single device, are suitable for indoor installation, i.e. within the 
concrete mass. In this case, high stress concentration positions were elected for the installation 
of these sensors. 
E) Instrumentation for dynamic quantities: Aiming to the direct determination of vibration 
accelerations and indirect evaluation of vibration velocities and displacements, three sets of 
triaxial optical accelerometers were applied to the structure of the main tower. These dynamic 
sensors were used targeting the acquisition (in permanent regimen), the structural response 
levels of vibration velocities associated with both, the structural damage and the comfort of 
costumers.   

The signals received from the set of sensors are then multiplexed and transmitted to a central 
office responsible for analyzing the information. 
However, the treatment of such information requires in-depth knowledge of the structure and its 
behavior, so that the acquired signals can be effectively interpreted. Therefore, in general, the 
use of specialized (and customized) software is also a central issue in structural monitoring 
activities. 

4 PRELIMINARY RESULTS 

Considering the "youth" of the newly built tower, the information on the evolution of specific 
strains is still insignificant. However, some results of dynamic nature, obtained from a rapid 
assessment, are now presented. 

4.1 Dynamic Sensing 

To obtain preliminary information of dynamic nature, the tri-axial set of accelerometers located 
at an elevation 80.15m (point A in Fig.4) was used. 
Adopting a rate of acquisition of 200 S/s (sensing per second), the structural accelerations were 
recorded for a period of about one hour, with the site completely free from work activities or 
transit of people. 
Structural vibration velocities and displacements were computed from accelerations using 
Omega Arithmetic.  
The transposition of the amplitudes quantities from the time-domain to the frequency domain 
was performed using base two Fast Fourier Transforms, FFT, obtained through the use of the 
Cooley-Tukey algorithm (Bingham et al., 1967) with decimation in frequency.  
In calculating FFTs, the 100 frequencies (up to Nyquist’s frequency) were subdivided into 1024 
subparts, which provided a wide idea of the spectrum.  
The cutoff frequency in this case was determined using a high-pass filter of 0.1 Hz. 
The German standard DIN 4150-3 (DIN, 1999a) was used in this work to deal with the results. 
To meet the specific parameters provided in the technical standard under consideration, the 
following assumptions were adopted: Frequency spectrum: 0 < f ≤ 100 Hz; Long term effects of 
vibration evaluation; Building of great intrinsic value.  

The results are shown in Table 1. 

 



  

 

  

Table 1 - Dynamic parameters obtained and maximum values suggested by DIN 4150-3 

 

In this type of dynamic assessment, the maximum particle vibration velocity prescribed by the 
technical standard, refer to vibrations oriented in the horizontal plane. However, because of the 
structural type of the tower (large lateral cantilevers), the vibrational velocities occurring in the 
vertical direction was also considered and analyzed. From the information obtained, it appears 
that the in plane direction containing the cantilever (X; Y), as well as in the vertical direction (at 
the end of the cantilever studied), the vibrational flexibility demonstrated to exceed the desirable 
limits. 
On the other hand, the maximum vibration velocity, due to vector composition of velocities 
regarded to the three orthogonal axes, was found to be 4,911 mm/s. Of course, this value 
reaches almost twice the maximum desirable speed for buildings in the category considered, 
despite the fact that, in the technical document, an explicit recommendation is that the vertical 
direction is to be considered. 
On the other hand, the criteria of DIN 4150-2 (DIN, 1999b), German standard that deals with 
human exposure to vibration in buildings, were also checked. In this case, the highest values 
calculated for KBfmax were equal to 1,913 and 1,788 mm/s, recorded on the sensors 2 and 3, 
respectively. These values are safely below the 3.00 mm/s technically recommended. 

5 CONCLUSIONS 

In order to familiarize the civil engineers with monitoring strategies for the control of integritie 
and undesireable structural degradation, in this study a brief introduction to optical technology 
focused on structural sensing was presented. Thus, a wingspan of work in this area was 
presented. 
Within this approach, the importance of structural monitoring in order to forecast anomalies, 
aiming above all, the extension of structure‘s life, and especially its operation under safe 
conditions, was explained. In addition, a simplified dynamic evaluation of the tower was carried 
out by studying, even that in briefly way, the vibrational behavior of one of its most vulnerable 
regions. 
Naturally, the time interval used for experimentation and for performing a consistent evaluation 
of the dynamic behavior of the structure, especially the cantilever located at the highest 
elevation of the tower, was extremely small. 
However, the results obtained are initially acceptable to have a preliminary idea of the dynamic 
responses of the structure, even before its final completion. The preliminary results obtained 
suggest that special attention will have to be given, in the near future to the vibrational behavior 
of the set. 
Of course, by conducting systematic and ongoing assessments of the physical variables of 
interest (preferably in real time), as the wind velocity fields, specific strains, temperatures and 
vibrations, structural health monitoring can be developed within a consistent and efficient 
way.Thus, it will become possible to protect the buildng, timely, from accumulations of highly 
undesirable damages, both, from the technical point of view and under the financial aspect, 
which may compromise a building of unique nature, which, among other positive aspects, 
brings the stamp of the most eminent Brazilian architects. 



  

 

  

6 REFERENCES 

Arangio, S. and Bontempi, F. 2014. Maintenance and Safety of Aging Infrastructure. In: Frangopol, D. 
and Tsompanakis, Y. (Ed.): Structures and Infrastructures Series, CRC Press, 95–120. Print ISBN: 
978-0-415-65942-0, eBook ISBN: 978-0-203-38628-6, DOI: 10.1201/b17073-5. 

Barazanchy, D., Martinez, M., Rocha, B. and Yanishevsky, M. 2014. A hybrid structural health 
monitoring system for the detection and localization of damage in composite structures. Journal of 
Sensors, Vol. 2014, 1-10, Article ID 109403, http://dx.doi.org/10.1155/2014/109403 

Bingham, C., Godfrey, MD and Tukey, JW. 1967. Modern Techniques of Power Spectrum Estimation, 
IEEE Transaction . Audio and Electroacoustics, AU-15, no. 2, 56-66. 

DIN - Deutsches Institut für Normung. 1999a. DIN 4150-3 – Structural vibration - Part 3: Effects of 
vibration on structures. 

DIN - Deutsches Institut für Normung. 1999b. DIN 4150-2 – Structural vibration - Part 2: Human 
exposure to vibration in buildings. 

Ferreira, LA, Araújo, FM, Maia, AA., Alves, PA. and Santos, JL. 2004. Redes de Bragg em Fibra Óptica 
– contribuições para o desenvolvimento de uma tecnologia revolucionária em monitorização 
estrutural, Encontro Nacional Betão Estrutural, Porto, Portugal, 1-8. 

Frangopol, D.M., (2011). Life-cycle performance, management, and optimization of structural systems 
under uncertainty: accomplishments and challenges. Structure and infrastructure Engineering, 7(6), 
389–413. 

Frazão, O.,  Araújo, FM., Dias, I., Ferreira, LA. and SANTOS, JL. 1999. Sensores de Bragg em Fibra 
Óptica, Jornadas de Engenharia de Telecomunicações e Computadores, JETC99, Lisboa, Portugal. 

Neves Júnior, PT. 2008. Temporal Analysis of Optical Spectrum in Fiber Bragg Grating, Thesis 
(Doctorate), Universidade Tecnológica Federal do Paraná, Curitiba, PR, Brazil. In Portuguese.  

Othonos, A., Kalli, K. 1999. Fiber Bragg Gratings: Fundamentals and Applications in 
Telecommunications and Sensing. Boston (USA): Artch House. 

 


