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Abstract

Cork products have an increasing demand for vibration damping systems due to their good vibration isolation behavior 
as well as their eco-friendly and sustainable properties. Cork is a lightweight, natural material made from the bark of the 
Quercus Suber L. tree, which can be found in Portugal's forests. The principal application is wine stoppers, but due to its unique 
thermal and vibration insulation and acoustic characteristics, it is now commonly found in construction and aeronautic 
applications. Nowadays, the urge to have lightweight and environmentally friendly materials with improved mechanical 
properties is increasing. As technology and ideas emerge, composite materials evolve with different elements to test different 
approaches. This paper reviews the possibility of using granulated cork and other nanomaterials as reinforcement and the 
various preliminary tests that are performed to characterize the dynamic properties of the composite with a view to assessing 
its ability to attenuate vibration in the concrete material. The same experimental results were compared with the normal 
dampers without cork and nanomaterials.   
     
Keywords: Technology; Nanomaterials; Environment; Nanocomposite Dampers

Abbreviations: PE: Polyethylene; EPS: Expanded 
Polystyrene; EPP: Expanded Polypropylene; PLA: Polylactic 
Acid; CNT: Carbon Nanotube.

Introduction

The cellular structure of cork is made up by the regular 
hexagonal or pentagonal shaped cells (Figure 1). The three 
main parts of the cellular wall include a thick secondary wall 

composed of alternating suberin and wax lamella, a thin 
tertiary wall composed of polysaccharides, and a thin, lignin-
rich intermediate lamella (internal main wall). According to 
some research, the secondary wall may not be made entirely 
of suberin and waxes since it is lignified [1]. Because the 
cork cells are filled with a gas combination that is similar 
to air, they act like real ‘pads’, which helps cork rebound 
from compression (Cortica). Many of the characteristics 
of cork, like its great elasticity and poor permeability, are 

https://medwinpublishers.com/NNOA/
https://portal.issn.org/resource/ISSN/2574-187X#
https://medwinpublishers.com/
https://doi.org/10.23880/nnoa-16000277


Nanomedicine & Nanotechnology Open Access
2

Jalgar SR, et al. A Review of Experimental and Comparative Study of Cork-Based Nanocomposite Dampers 
with Normal Dampers in the Field of Construction. Nanomed Nanotechnol 2023, 8(4): 000277.

Copyright©  Jalgar SR, et al.

caused by the high concentration of suberin present in 
the material. In addition to the referred properties, cork is 
further characterized by low density, good resistance to 
fatigue, low thermal conductivity (it is an excellent thermal 
insulator), low speed of sound propagation, and low acoustic 
impedance (it is an excellent sound insulator), high resistant 
to combustion (serves as the progression of fire retardant), 
good wear resistance, and hypo-allergenicity (since not 
absorb dust, not cause allergies) (Ortica). A number of 
authors have studied the characteristics of cork composites 
in recent years. According to Fernandes TF, et al. [2] and 
Correlo VM, et al. [3] agglomerated cork composites have 
lower Young’s modulus values at small strains and plateau 
stress, and they have higher densities than other cellular-like 
materials like expanded polystyrene (EPS) and expanded 
polypropylene (EPP).

Figure 1: Types of dampers on the basis of Nano materials.

More recovery capacity and less persistent deformation 
have been seen in agglomerated cork following many loading 
cycles [4]. Agglomerated cork also performed better than 
EPS and EPP in numerous loading and impact tests [4,5]. 
It has also been investigated to include agglomerated cork 
into sandwich constructions, particularly for applications 
involving vibration damping [6,7]. Research has also been 
done on the effects of adding cork to CPC with thermoplastic 
matrixes such polyethylene (PE) Brites F, et al. [8], 
polyurethane (TPU) Gama N, et al. [9], and polylactic acid 
(PLA) Daver F, et al. [10], Da Silva SM, et al. [11] on the thermal, 
mechanical, and viscoelastic properties of the material.

This research seeks to determine how adding cork affects 
the mechanical and physical characteristics of concrete, 
as well as the impact of two criteria pertaining to the cork 
granules used in the formulation: granulometry and amount. 
The cork rubber composites under study can be used as 
bearing pads in systems that isolate vibrations. Our goal is 
to present a comparative analysis between the conventional 

dampers and the Cork-based nanomaterial dampers.

Classification Based on the Type of Materials

Figure 2: a. Carbon Nanotube (CNT) Dampers: These 
dampers incorporate carbon nanotubes, which provide 
exceptional mechanical properties and are known for their 
ability to enhance material strength [12].
b. Graphene-Based Dampers: Graphene is another 
nanomaterial with outstanding mechanical and electrical 
properties, making it suitable for vibration control 
applications [13].
c. Nano-Polymer Dampers: These dampers incorporate 
polymer nanocomposites, which combine polymers 
with nanoscale fillers like nanoparticles, nanoclays, or 
nanofibers [14].

Based on Application: 
•	 Civil Engineering Dampers: Dampers designed for 

use in the construction of buildings, bridges, and other 
civil infrastructure to reduce vibrations and enhance 
structural stability [15].

•	 Aerospace Dampers: Dampers utilized in the aerospace 
industry to minimize vibrations in aircraft and spacecraft 
components [16].

Based on Damping Mechanism
•	 Viscoelastic Nanocomposite Dampers: Dampers that 

rely on the viscoelastic properties of nanomaterials to 
dissipate energy and reduce vibrations [17].

•	 Piezoelectric Nanocomposite Dampers: Dampers 
incorporating piezoelectric materials at the nanoscale 
to convert mechanical energy into electrical energy for 
damping [17].

Key Properties and Advantages of Nanocomposite 
Dampers
•	 Enhanced Mechanical Properties: Improved Strength 

and Stiffness: Nanomaterials such as carbon nanotubes 
(CNTs) and graphene can significantly enhance the 
mechanical properties of composites increasing their 
strength and stiffness.

•	 Vibration Damping Properties: High Damping 
Capacity: Nanocomposite dampers exhibit excellent 

https://medwinpublishers.com/NNOA/
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vibration damping characteristics, reducing the 
amplitude and frequency of vibrations [18].

•	 Durability and Longevity: Enhanced Durability: 
The use of nanomaterials can improve the durability of 
composite materials in harsh environments and under 
dynamic loads [19].

•	 Lightweight and Weight Efficiency: Reduced Weight: 
Nanocomposite dampers can be lightweight, making 
them ideal for aerospace and automotive applications 
where weight efficiency is crucial [20].

•	 Customizability: Tailored Properties: The composition 
of nanocomposite dampers can be customized to meet 
specific engineering and structural requirements [21].

•	 Thermal and Electrical Conductivity: Thermal 
and Electrical Conductivity: Depending on the 
nanomaterials used, nanocomposite dampers can exhibit 
improved thermal and electrical conductivity [22].

•	 Environmental Benefits: Sustainability: Some 
nanomaterials are sourced sustainably, and their use 
in dampers can align with environmentally friendly 
practices [23].

•	 Reduction in Noise Transmission: Noise Reduction: 
Nanocomposite dampers can attenuate noise 
transmission in addition to reducing vibrations, making 
them suitable for noise-sensitive applications [24] 
(Tables 1-4) (Figures 2-5).

Figure 2: Properties of Nanocomposite Dampers.

Figure 3: Purpose and Types of Civil Engineering Dampers.

https://medwinpublishers.com/NNOA/


Nanomedicine & Nanotechnology Open Access
4

Jalgar SR, et al. A Review of Experimental and Comparative Study of Cork-Based Nanocomposite Dampers 
with Normal Dampers in the Field of Construction. Nanomed Nanotechnol 2023, 8(4): 000277.

Copyright©  Jalgar SR, et al.

Figure 4: Types of Passive Dissipation system of Civil Engineering.

Type of Damper Description Reference
Tuned Mass Dampers 

(TMD)
Mass-spring-damper systems are added to structures to counteract specific 

frequencies of vibration. [25]

Viscous Dampers Dampers that dissipate energy using viscous fluids are commonly used in tall 
buildings and for seismic retrofitting. [26]

Friction Dampers Dampers utilize friction to dissipate energy, effective in reducing wind-induced 
vibrations in structures.

Base Isolation 
Systems

Systems designed to decouple a building or structure from ground motion during 
earthquakes, reducing forces transferred to the structure. [27]

Table 1: Purpose and Types of Civil Engineering Dampers.

Literature Review

Paper Title 
and Author Methodology involved Inferences

Antonio J, et 
al. [28]

• The study investigates the possibility of using rice 
husk and granulated cork as a composite material.

• Composite boards were manufactured and 
preliminary tests were performed to characterize 
the composite’s dynamic properties to assess its 
ability to attenuate vibration.

• The dynamic properties can be determined from 
parameters such as dynamic stiffness, vibration 
transmissibility, and loss factor.

• The experimental procedures described in this work 
follow the methodology presented in ISO 10846-
3:2002 which sets out a method for determining 
the dynamic transfer stiffness of resilient supports, 
under specified preload. The method concerns the 
measurement of transmissibility.

• The highest values of vibration isolation are 
achieved for the specimens with the highest 
thicknesses and smallest size.

• For a given size of a specimen, it appears that 
the vibration isolation can be improved by 
increasing the thickness of the specimen.

• The dynamic stiffness results agree with the 
transmissibility results, since low dynamic 
stiffness values are found for smaller 
Specimensand higher thickness.

• This material can be used to support equipment 
inbuildings to reduce vibration, for insertion 
in lightweight wall cavities to reduce sound 
transmission and vibration, and as a resilient 
layer in floating floors to reduce the impact of 
sound transmission.

https://medwinpublishers.com/NNOA/
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de-Carvalho 
R, et al. [29].

• The cyclical behavior of a novel composite 
material consisting of granulated cork added to a 
conventional mortar is examined experimentally. 
CorBe thus designates this substance. Tests were 
conducted on specimens that had cork added at 
volumes of 0%, 15%, and 30%.

• Cyclic uniaxial and diagonal compression 
experiments were performed in order to describe 
the cyclical behavior of this composite material. 
It was also investigated how much energy these 
mortars might dissipate.

• Additionally examined and discussed were the 
rupture mechanisms of this composite material 
under cyclical loadings.

• A clear tendency for an improvement in 
performance, for the tested deformation 
levels, for mortars with the incorporation of 
cork granules, when loaded cyclically either in 
uniaxial or diagonal compression was observed.

• It was possible to determine and quantify the 
improvement behavior in terms of energy 
dissipation capacity, leading to the conclusion 
that the inclusion of cork granules in controlled 
volume fractions in construction mortars is most 
certainly beneficial for the seismic protection of 
buildings

Gurgen S, et 
al. [30]

• Shear thickening fluid (STF) and shear stiffening 
polymer (SSP) are two smart materials that 
have been suggested as improving the vibration 
attenuation behavior of multi-layer cork systems.

• The structural constants of natural frequency and 
damping ratio were discovered via modal studies, 
which involved testing the composites using 
hammer-based vibration tests.

• The hammer impulse method was employed in 
the vibration experiments to examine the cork 
composites’ modal properties.This method, 
which is frequently employed to ascertain the 
dynamic characteristics of complicated structures, 
incorporates modal analysis [30].

• Based on the findings, the STF has a viscosity 
profile that increases under loading, whereas 
the elastic characteristics of the SSP dominate 
its viscous behavior when the material is 
stimulated.

• STF and SSP help to dampen the vibrations 
acting on the cork structures through the impact 
of these rheological alterations.

• This work suggests that smart materials can be 
integrated into cork constructions to improve 
the adaptive qualities of passive control systems 
in vibration-damping applications and create 
sustainable and environmentally friendly goods.

Bakr A, et al. 
[31]

• The asymmetrical device of the transient Hot 
Plate method was primarily used to conduct an 
experimental evaluation of its thermal properties.

• To support the idea that this composite material 
will be utilized as a wall insulator, an experimental 
investigation of this sustainable material intends 
to characterize its thermal properties and then 
compare them with those of white cement without 
cork.An intriguing energy gain can be inferred from 
a comparison of the energy performances of white 
cement and the composite material.

• Based on the analysis and comparisons, it can be 
concluded that the novel composite material has 
three times the insulating properties of white 
cement without cork and is two times lighter 
than white cement.

Matos AM, et 
al. [32]

• The potential use of cork powder in place of fines 
in self-compacting concrete mixing mixes is the 
subject of this study.

• An experimental programme was conducted 
to evaluate the behavior of this material in the 
combination and to specify the strength and 
durability characteristics of the cork powder-
containing self-compacting concrete.

• This study shown that it is feasible to use a 
plentiful byproduct of the cork industry, cork 
powder, into the fine material of self-compacting 
concrete to achieve a good strength level and 
appropriate durability for typical applications.

• Considering that cork powder can be utilized 
in SCC, further research and development are 
needed to replace fine material in lightweight 
self-compacting concrete with this waste 
product.

https://medwinpublishers.com/NNOA/
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Sanchez-
Saeza S, et 

al. [33]

• An experimental study of the dynamic crushing 
behaviour of agglomerated cork looked at the 
effects of specimen thickness on energy absorption 
capacity, contact force, displacement, and strain.

• In a drop-weight tower, dynamic crushing 
experiments were performed on four specimens of 
different thicknesses. It was discovered that as the 
maximum contact force, displacement, and strain 
increased, so did the impact-energy/thickness ratio.

• The maximum contact force, maximum 
displacement, and maximum strain exhibit a 
notable dispersion due to the natural origin 
of agglomerated cork and the variation in 
characteristics amongst each specimen. These 
factors, notwithstanding this dispersion, 
increased as the impact-energy/thickness ratio 
increased.

• When the thickness of the specimen rose, the 
contact force dropped for the same impact 
energy.

• It was impossible to identify comparable 
behaviour for the displacement and the strain 
due to the results’ dispersion.

• There is a linear relationship between the 
absorbed energy and the impact energy/
thickness ratio for any specimen thickness that 
is being studied.

• The thickness of the specimen had no effect on 
the agglomerated cork’s absorption capacity 
within the range of energies examined.

Table 2: Dampers Based on Cork and Nanomaterials.

Paper 
Title and 

Author
Methodology involved Inferences

Khan SU, et 
al. [34]

• Vibration-dampingcharacteristics of nanocomposites 
and carbon fiber-reinforced polymercomposites 
(CFRPs) containing multiwall carbon nanotubes (CNTs) 
have been studied using free and forced vibration tests. 

• The damping ratio of the hybrid composites is enhanced 
with the addition of CNTs, which is attributed to sliding 
at the CNT–matrix interfaces.

• The damping ratio of the CFRP-CNT hybrid 
composites increased as the amount of CNT 
in them increased, per the free vibration test 
results. This result is consistent with the 
previously proposed idea that CNTs slide 
across matrix interfaces. 

• Although the CFRP composites had an 
intrinsically lower damping ratio than the 
clean epoxy, they showed a faster rate of 
increase in damping ratio than the epoxy 
nanocomposites. 

• The forced vibration test confirmed that 
CNTs positively impacted CFRP composites 
and nanocomposites’ damping ratios in both 
the first and second vibration modes. 

• The DMA results demonstrated that CNTs 
moderated the damping properties of the 
composites. The loss modulus and tan delta of 
CFRP composites and nanocomposites both 
consistently increased with CNT presence, 
however the rise was more pronounced in 
the nanocomposites than in the CFRP hybrid 
composites, likely because to the differing 
degrees to which CNTs influence the stiffness 
of the materials.

https://medwinpublishers.com/NNOA/
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Khalili 
SMR, et al. 

[35]

• By utilising multi-scale material modelling to analyse 
the primary design parameters of the reinforcing agents, 
the impact loads on single-walled carbon nanotube 
(SWCNT) reinforced nanocomposites are investigated. 

• It is investigated how the diameter, chirality, and volume 
fraction (VF) of SWCNTs relate to different representative 
volume elements (RVEs) of nanocomposites and 
their impact behavior. · Using beam elements in space 
frame structures, SWCNTs are simulated in finite 
element modelling (FEM) software in accordance with 
their atomic structures as determined by molecular 
mechanics.

• Axial strain diagrams and strain energy 
density diagrams generated from the 
investigation of RVEs’ reaction to impact 
loads indicate that the introduction of even a 
small number of CNTs in RVE can produce an 
adequate impact strength. 

• The impact behavior of nanocomposites is not 
primarily determined by the sort and chirality 
of CNTs. This effect is more pronounced in the 
simulated RVEs with higher CNT VFs.

• More comprehensive research shows that the 
impact damage to nanocomposite structures 
can be minimized by CNT VF, especially in 
Armchair CNTs, more effectively than by 
the diameter of the CNTs implanted in the 
material.

Li WW, et 
al. [36]

• The study examined cement composites with varying 
percentages of carbon nanotubes (CNTs): 0.033, 0.1, 
0.066, and 0.0 percent. 

• To investigate the damping characteristics of the CNT/
cement composite, the Dynamic Mechanical Analysis 
(DMA) method and the Logarithmic Decrement method 
were applied. 

• Using Mercury Intrusion Porosimeter (MIP) and 
Scanning Electron Microscopy (SEM), respectively, the 
effects of CNT on the composite’s microstructure and 
pore size distribution were examined.

• The outcomes of the experiment 
demonstrated that the CNT/cement 
composite outperformed pure cement paste 
in terms of flexural strength index.

• CNT has the potential to enhance cement 
paste’s ability to reduce vibration. Moreover, 
the tests demonstrated that CNT could 
facilitate load transfer inside the cement 
matrix and span adjacent hydration products, 
which helped with energy dissipation during 
the loading process.

Kana ZP, et 
al.[37]

• A novel concept to design cement matrix composites 
that exhibit high damping capacity as well as good 
mechanical performance around room temperature was 
suggested. 

• The hard Li5La3Ta2O12 ceramic particulates with high 
damping capacity at room temperature were embedded 
as additives into cement matrix to form the composite 
materials. 

• The damping capacity (internal friction) and 
compressive strength of the Li5La3Ta2O12/cement 
composites increase with increasing Li5La3Ta2O12 
concentration in the 0–25 wt% range.

• The maximum damping capacity of the 25 
wt%Li5La3Ta2O12/cement composites is as 
high as 0.016 at 66 ◦C and 4 Hz, corresponding 
to a vibration energy dissipation of about 
10% in each vibration cycle. 

• The compressive strength and flexural 
strength of the 10wt%Li5La3Ta2O12/
cement composites is about 40% and 5% 
higher than those of the pure cement.

• This kind of composite material with high 
damping capacity around or above room 
temperature and enhanced mechanical 
properties will find wide applications in the 
fields where both high damping capacity and 
good mechanical properties are required.

https://medwinpublishers.com/NNOA/
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Liew KM, et 
al. [38]

• CNT-reinforced cementitious composite structures’ 
mechanical and damping qualities were investigated 
experimentally. 

• The studies employed polyvinylpyrrolidone (PVP) and 
TNWDIS, an aromatic modified polyethylene glycol 
ether that was highly efficient and compatible with 
cement hydrates, to disperse CNTs.

• Energy Dispersive Spectrometry (EDS) and Scanning 
Electron Microscopy (SEM) were used to identify and 
monitor the formation of cement hydrates on the CNT 
surface. 

• The combination of the CNTs and cement hydrates 
was proposed to have occurred by a physical process, 
according to X-Ray Powder Diffraction (XRD) research.

• Adding 0.1 weight percent of CNTs dispersed 
by PVP increased the compressive and 
flexural strengths of CNT/cement composites 
by 17.3 and 16.3%, respectively, but adding 
CNTs dispersed by TNWDIS just slightly 
increased strength. 

• Furthermore, TNWDIS-dispersed 0.1 weight 
percent CNTs enhanced the loss factor of 
the CNT/cement matrix by 25.9%, which 
is almost twice as much as that of PVP-
dispersed 0.1 weight percent CNTs.

Table 3: Dampers Based on only Nanomaterials.

Dampers with Cork and nanomaterials Dampers with only nanomaterials
To enhance the adaptive qualities of passive control 

systems in vibration-damping applications and to create 
sustainable and environmentally friendly goods.

Compressive and flexural strengths both significantly rise.

Based on the analysis and comparisons, it can be 
concluded that the novel composite material has two 
times the weight of white cement and three times the 
insulating properties of white cement without cork.

In many fields where both high damping capacity and good 
mechanical qualities are necessary, composite materials with 
high damping capacities at or above room temperature and 

improved mechanical properties will find extensive use.
Self-compacted concrete can be made with that cork 

powder. Future research must also be done to replace the 
fine material in lightweight self-compacting concrete with 

this waste material.

Damping ratio increases more quickly than with epoxy 
nanocomposites.

Table 4: Comprehensive comparison of Dampers with Cork/Nanomaterials and Dampers only with nanomaterials.

Figure 5: Applications of dampers.

Conclusion

The following general conclusions may be drawn 
concerning the properties of cork-modified and nanomaterial-
based concrete formulations and concrete modified by only 
nanomaterials.

•	 The insertion of any degree of cork examined in this 
paper had a negative impact on strength and elasticity 
modulus in both compression and flexion. 

•	 The cork modifies the mechanical behavior. The material 
exhibits less brittle failure and becomes more ductile, 
especially in compression, as the cork content increases 

https://medwinpublishers.com/NNOA/
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throughout the course of each test series.
•	 The elasticity modulus of cork-modified polymer 

mortars is rather low when compared to traditional 
cement materials, but the flexural/compressive strength 
ratio is noticeably higher.

•	 In an effort to find a class of extremely lightweight 
formulations, or with densities less than unity, the results 
call for further research with a higher cork content. 

•	 More research is anticipated to maximize the resin 
content and take use of other benefits brought about 
by the addition of cork, including enhanced thermal 
and acoustic qualities and a higher energy absorption 
capacity.
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