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ABSTRACT 
 

In this article, the dynamic parameters (frequencies, mode shapes, damping ratios) of 
the uncoated wooden shed and the coated by silicon dioxide are compared using the operational 
modal analysis method. Ambient excitation was provided from micro tremor ambient vibration 
data on ground level. Enhanced frequency domain decomposition (EFDD) was used for output. 
Very best correlation was found between mode shapes. Nano-SiO2 gel applied to the entire 
outer surface of the red oak shed has an average of 14.54% difference in frequency values and 
13.53% in damping ratios, proving that nanomaterials can be used to increase internal rigidity 
in wooden slabs. High adherence of silicon dioxide to wooden surfaces was observed as another 
important result of this study. 
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INTRODUCTION 
 

Nanotechnology can produce products with many unique properties that can improve 
existing building materials: lighter and stronger structural composites, less maintenance 
coatings, more useful cement-based materials, products with better thermal insulation 
properties, etc. (Akbaş 2020). In addition, nanomaterials applied to the surfaces of structural 
elements of buildings can contribute to environmental cleaning and energy generation through 
photocatalytic reactions (Akbaş 2020). As many become interested in pursuing good health, 
environmental and protection in the use of wood products becomes increasingly critical 
(Jing et al. 2019). Thanks to nanotechnology, wood can be stronger, more durable and easier to 
place, steel can be made tougher, glass self-cleaning, and paints can be made more insulating 
and water-repellent (Tang et. al. 2018). 

The reason for using silicon dioxide in the study is that its mechanical properties are as 
good as conventional materials (AFRP, BFRP, CFRP, GFRP, etc.) used in reinforcement 
(Arriaga et al. 2011, Motlagh et al. 2012, Prachasaree and Limkatanyu 2013, Glišović et 
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al. 2016, Kisitotalla et al. 2017, Dave et al. 2018, Doubek et al. 2018). Nano-SiO2 gel has large 
specific surface area and strong adsorption properties, which may help to prevent water-based 
fire retardant from running off (Zhongxi et al. 2020). 

Operational modal analysis method is an up-to-date experimental method that is frequently 
used in determining the dynamic parameters of structures. The basic principle of the method is 
based on obtaining dynamic parameters such as frequency, mode shapes and damping ratios by 
processing the output data received from the structure. In addition, operational modal analysis 
is used to determine the damage levels of the existing structures, to check the validity of 
the assumptions made while constructing the finite element model, to update the initial 
numerical model of the existing structures according to the experimental data, to determine 
the dynamic characteristics of the structures by the experimental modal analysis method when 
the numerical model of the existing structures cannot be formed and to follow the structural 
health is widely used in the process (Alvin and Park 1994, Tseng et al. 1994, Aliev and 
Larin 1998, Ljung 1999, Lus et al. 2003, Roeck 2003). 

It is necessary to estimate sensitivity of reaction of examined system to change of random 
or fuzzy parameters of a structure. Investigated measurement noise perturbation influences to 
the identified system modal and physical parameters. Estimated measurement noise border, for 
which identified system parameters are acceptable for validation of finite element model of 
examine system. System identification is realized by observer Kalman filter (Kalman 1960, 
Trifunac 1972, Ibrahim 1977, Juang 1994). In special case observer gain may be coincide with 
the Kalman gain. Stochastic state-space model of the structure is simulated by Monte-Carlo 
method. As a result of these theoretical and experimental studies, the importance of temperature 
change and humidity has emerged once again from the environmental factors affecting the  odal 
parameters. The effects of temperature and humidity on modal parameters have been 
the subject of thorough examination in the last 15 years (Kasımzade and Tuhta 2017, 
Tuhta 2018, 2019). 

It was observed that three types of definitions were used in the engineering structures: 
modal parameter identification; structural-modal parameter identification; control-model 
identification methods are used. In the frequency domain the identification is based on 
the singular value decomposition of the spectral density matrix and it is denoted frequency 
domain decomposition (FDD) and its further development enhanced frequency domain 
decomposition (EFDD). In the time domain there are three different implementations of 
the Stochastic Subspace Identification (SSI) technique: Unweighted principal component 
(UPC); Principal component (PC); Canonical variety analysis (CVA) is used for the modal 
updating of the structure (Sestieri and Ibrahim 1994, Balmes 1997, Bendat 1998, 
Marwala 2010).  

In this study, the EFFD method was used in the signal processing. The Enhanced 
Frequency Domain Decomposition technique is an extension to Frequency Domain 
Decomposition (FDD) technique. This technique is a simple technique that is extremely basic 
to use. In this technique, modes are easily picked locating the peaks in Singular Value 
Decomposition (SVD) plots calculated from the spectral density spectra of the responses. 
FDD technique is based on using a single frequency line from the Fast Fourier Transform 
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Tab. 4: Comparison of existing and coated shed damping ratio results. 
Mode number 1 2 3 4 5 
Modal damping ratio (ξ) - E 1.34 1.18 0.91 1.02 0.84 
Modal damping ratio (ξ) - C 1.07 0.98 0.82 0.93 0.74 
Difference (%) 20.14 16.94 9.89 8.82 11.90 

 
CONCLUSIONS 

 
In this research, the conducted were both operational modal analysis of existing wooden 

shed and silicon dioxide coated wooden shed. Comparing the result of study, the followings are 
noticed: (1) From the ambient vibration test, the first five natural frequencies are attained 
experimentally, which range between 3 and 11 Hz. (2) When comparing the existing and coated 
wooden shed results, it is clearly seen that there is very best agreement between mode shapes.  
(3) It has been determined that there is an average of 14.54% difference between the frequency 
values of the existing wooden shed and the silicon dioxide coated wooden shed. (4) It has been 
determined that there is an average of 13.53% difference between the damping ratios of the 
existing wooden shed and the silicon dioxide coated wooden shed. (5) Silicon dioxide applied 
to the entire outer surface (80 micron thick) of the wooden shed has an average of 14.54% 
difference in frequency values (Tab. 3) and 13.53% in damping ratios (Tab. 4), proving that 
nanomaterials can be used to increase rigidity in wooden sheds, in other words, for 
reinforcement. (6) The fact that no negative chemical reaction was observed between wood and 
silicon dioxide during the examination revealed that such nano-coatings can be used in wooden 
structures. (7) Another important result determined in the study is that it has been observed that 
the adherence of silicon dioxide and similar nanomaterials mentioned in the introduction to 
wooden shed surfaces is at the highest level. 
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