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Abstract 

Under the concept of "Industry 4.0", production processes will be pushed to be increasingly interconnected, 
information based on a real time basis and, necessarily, much more efficient. In this context, capacity optimization 
goes beyond the traditional aim of capacity maximization, contributing also for organization’s profitability and value. 
Indeed, lean management and continuous improvement approaches suggest capacity optimization instead of 
maximization. The study of capacity optimization and costing models is an important research topic that deserves 
contributions from both the practical and theoretical perspectives. This paper presents and discusses a mathematical 
model for capacity management based on different costing models (ABC and TDABC). A generic model has been 
developed and it was used to analyze idle capacity and to design strategies towards the maximization of organization’s 
value. The trade-off capacity maximization vs operational efficiency is highlighted and it is shown that capacity 
optimization might hide operational inefficiency.  
© 2017 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of the scientific committee of the Manufacturing Engineering Society International Conference 
2017. 
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1. Introduction 

The cost of idle capacity is a fundamental information for companies and their management of extreme importance 
in modern production systems. In general, it is defined as unused capacity or production potential and can be measured 
in several ways: tons of production, available hours of manufacturing, etc. The management of the idle capacity 
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Abstract 

This research aims at analysing two building materials with apparently distinct physical and chemical properties: the carbon fibre 
and aluminium; by mixing these two materials with epoxy resins we then intend  to produce a novel composite building material 
whose physical and chemical properties differ from those of the initial materials and with mechanical strengths much improved 
as compared to other materials used at present in structural rehabilitation. In this respect, we consider this material to be 
extremely useful in the future for the rehabilitation of concrete and masonry structures. The product will exhibit significant 
mechanical strength values, a very good specific weight, elasticity in favour of the domain of use and an increased thermal and 
electrical conductivity. The material will also show to be an optimal solution for providing building durability and extending the 
serviceability period of masonry structures, which are commonly more vulnerable to the damaging factors of the external 
environment. Another quality is represented by the easiness with which it is produced, by a mixture of manual and mechanical 
technologies. The conclusions of our project are promising and lead to the possibility of including the material in question in the 
field of masonry and concrete structure rehabilitation as a new material that will bring about new and simplified technologies to 
be used in structural rehabilitation. 
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1. Introduction 

Together with modern and high performance materials and technologies in various sectors of activity, there also 
occurs the need to introduce new building materials specially dedicated to structural strengthening and 

 

 
* Corresponding author. Tel.: +40 0722274878; fax: +0-000-000-0000 . 

E-mail address: razvan.iernutan@ccm.utcluj.ro 

 

Available online at www.sciencedirect.com 

ScienceDirect 

Procedia Manufacturing 00 (2018) 000–000  
www.elsevier.com/locate/procedia 

 

2351-9789 © 2018 The Authors. Published by Elsevier Ltd. 
This is an open access article under the CC BY-NC-ND license (https://creativecommons.org/licenses/by-nc-nd/4.0/) 
Selection and peer-review under responsibility of the 12th International Conference Interdisciplinarity in Engineering.  

The 12th International Conference Interdisciplinarity in Engineering 

Carbon Fibre Reinforced Aluminium Mesh Composite Materials 
 Razvan Andrei Iernutan0F*,  Florin Babota, Raluca Istoan 

15 Constantin Daicoviciu Street,400020 Cluj-Napoca, Romania 

Abstract 

This research aims at analysing two building materials with apparently distinct physical and chemical properties: the carbon fibre 
and aluminium; by mixing these two materials with epoxy resins we then intend  to produce a novel composite building material 
whose physical and chemical properties differ from those of the initial materials and with mechanical strengths much improved 
as compared to other materials used at present in structural rehabilitation. In this respect, we consider this material to be 
extremely useful in the future for the rehabilitation of concrete and masonry structures. The product will exhibit significant 
mechanical strength values, a very good specific weight, elasticity in favour of the domain of use and an increased thermal and 
electrical conductivity. The material will also show to be an optimal solution for providing building durability and extending the 
serviceability period of masonry structures, which are commonly more vulnerable to the damaging factors of the external 
environment. Another quality is represented by the easiness with which it is produced, by a mixture of manual and mechanical 
technologies. The conclusions of our project are promising and lead to the possibility of including the material in question in the 
field of masonry and concrete structure rehabilitation as a new material that will bring about new and simplified technologies to 
be used in structural rehabilitation. 
 
© 2018 The Authors. Published by Elsevier Ltd. 
This is an open access article under the CC BY-NC-ND license (https://creativecommons.org/licenses/by-nc-nd/4.0/) 
Selection and peer-review under responsibility of the 12th International Conference Interdisciplinarity in Engineering. 

Keywords: composite materials; aluminium net; carbon fiber; epoxy resin materials; structural rehabilitation 

1. Introduction 

Together with modern and high performance materials and technologies in various sectors of activity, there also 
occurs the need to introduce new building materials specially dedicated to structural strengthening and 

 

 
* Corresponding author. Tel.: +40 0722274878; fax: +0-000-000-0000 . 

E-mail address: razvan.iernutan@ccm.utcluj.ro 

http://crossmark.crossref.org/dialog/?doi=10.1016/j.promfg.2019.02.301&domain=pdf


902 Razvan Andrei Iernutan  et al. / Procedia Manufacturing 32 (2019) 901–907
2 Razvan Iernutan/ Procedia Manufacturing  00 (2018) 000–000 

rehabilitation. With conventional rehabilitation methods, it can be noticed that during rehabilitation works, the 
building appearance suffers and the quality of the works is not always the desired one.  

It is well known that masonry structures are among the oldest constructions made by people and that the majority 
of the historical monuments are erected with various forms of masonry. However, people were constrained to 
remain at the experiences and methods of construction that were found at that respective moment.  

Moreover, the damaging factors originating in the aggressive external environment, such as the climate type or 
the seismic activity change from the moment in which the building was erected until the present moment, so that 
masonry structures suffer damages. All the aspects mentioned until now are in favour of a composite material that 
we now put forward: a carbon fibre reinforced with aluminium mesh with the help of epoxy resins.   

Different from classical materials used to rehabilitate masonry structures, the new product will be durable, 
conferring a higher strength to structures made with various forms of masonry. The consolidation technology using 
the new material is much simplified because it can be applied directly on the modules forming the masonry. The 
appearance is also improved as the work can be masked with an external finishing specific to the building in 
question and simulating the original architectural aspect. The aluminium mesh in the new composite material (made 
of carbon fibre, Al mesh, epoxy resins) will play a double role in the strength of the new material used to strengthen 
or rehabilitate the masonry and will also contribute to setting and reinforcing the further on applied layers for 
finishing in this way replacing the classical reinforcement with various forms of fibres of finishing materials. Thus, 
both structural and architectural problems are successfully and simultaneously satisfied.   

The production of the carbon fibre reinforced aluminium mesh can contain both manual and mechanised 
procedures, the composite material obtained benefitting from special physical and chemical properties that are quite 
promising in the present-day context of rehabilitation-based civil engineering. 

2. Theoretical study 

The fast and revolutionary technological evolution of the last decades  also lead to the production of new and 
attractive materials for the field of constructions, such as the carbon fibre and the development of novel methods of 
combining materials that apparently are very different, even incompatible,  to reach a new product with improved 
physical and chemical properties. Due to its attractive properties and considerable mechanical strengths, such as: 
high compressive strength, tensile strength~4300 [1]; increased Young’s modulus of elasticity ~238 000 [1]; high 
thermal conductibility, excellent electrical conductibility; low own weight  ̴~230   [1]; stiffness, carbon fibre has 
become a valuable material to be used to produce modern building materials. The aluminium mesh is also 
distinguished by its physical and chemical properties: tensile strength  ̴~70  [2], good thermal conductibility: values 
oscillate between 0 and 239Wcm⁻¹K⁻¹ [2], at temperatures of 0-900K; axial tensile strength  ̴~137  [2], compressive 
strength 280   [2], high electrical conductivity. 

 
 
 
 
 
 
 

 
 

Fig. 1. Carbon fiber 

Though the two materials develop notable individual characteristics, their blending together to produce a 
composite material with improved properties represents an engineering and technological challenge.  A possible and 
accessible mechanical method to solve this difficulty is given by the special mill that allows for the interpenetration 
of carbon molecules in the aluminium mesh. After numerous tests, it was found out that  the materials come into 
symbiosis after 48 ore, with the frequency of 200 rotations per minute.[4] When this time interval is over, the 
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aluminium and carbon molecules form together a new material whose grains are rounded, whose molecular 
composition is homogeneous and which do not affect the properties of the original materials[7]. The previous 
process is fully mechanised, so that the technological flow can be continuous and the quantity of new material can 
increase. However, for the purpose of the present study we preferred the manual method, namely the lamination 
method, because of cost-related reasons: low cost in the production of the new material and a large variety of 
shapes; the shapes do not come out in a limited and finite number[5][6].  

Manual lamination consists in gluing together the lamines of carbon and aluminium fibres impregnated with 
epoxy resins on several brick on which the tests will be carried. The dimensions of the lamines can vary, dependent 
on the foreseen result, with significant properties for the newly developed product.  

                a)                                                b) 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2. (a) aluminium mesh; (b) epoxy resins 

Though masonry seems to be built from homogeneous materials, in fact the materials of origin can develop 
heterogeneous characteristics so that the carbon fibre reinforced with an aluminium mesh is an exception and it suits 
ideally for a successful rehabilitation. It is easy to fit on the bricks with resins, has a low own weight, improves the 
mechanical properties of the materials on which it is applied and maintains the masonry initial shape at the 
intervention place. Additionally, it does not alter other properties of the masonry elements, on the contrary it 
increases the masonry stability during exceptional actions, especially during earthquakes. Malleability is another 
distinctive feature of this composite, as it can be used on any kind of structure, even when it exhibits unique 
features.  

 
 
 
 
 
 
 
 
 
 

Fig. 3. Manual lamination 

There are other physical and chemical properties worth mentioning for this new product: low density, good 
resistance to corrosive agents, slow oxidation which contributes to intervention duration and applicability as 
compared to conventional structure consolidation works with welded steel mesh, increased strength to disturbing 
external factors, reduced expansion thermal coefficient.  
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Fig.4. Epoxy resins on aluminium mesh 

 In spite of the fact that this new innovative material can be an optimal solution for the future of structural 
rehabilitations of masonry buildings, there are also several drawbacks to be discussed. First, the financial aspect is 
important, as the costs for production and placing it into work are higher than those of the currently used materials. 
To benefit from the numerous advantages of the fibre carbon reinforced aluminium mesh, customers need larger 
amounts of money than for traditional methods; however, the customer should be aware of the quality-cost ratio and 
should opt in for the new investment[8]. Moreover, the fibre carbon reinforced aluminium mesh, plays the role of a 
binder for the finishing elements applied onto the constructions, so that other materials with finishing properties 
need not be purchased as in other rehabilitation works, so that costs will finally come near to those in traditional 
methods[6][8].   

Another drawback is represented by the behaviour to exceptional actions, such as fires and explosions. This 
material is more vulnerable to fire and explosion because of the epoxy resins used as binders which dilate at high 
temperatures and weaken the set. It is also an excellent thermal conductor so that both the carbon fibre and the 
aluminium mesh should remain intact and be able to further bear to the loads with no significant disturbance of the 
mechanical strengths. The special stiffness of the carbon fibre also plays a crucial role in this respect. 

3. The experimental study 

This part of our project will detail the tests performed in the Laboratory of Building Materials of the Faculty of 
Civil Engineering in Cluj-Napoca on masonry modules reinforced with carbon fibre and aluminium, through epoxy 
resins as well as the results after tests and the method used. At the end of the experiments   we intend to highlight 
the physical and mechanical properties of the new product and to give reasons for which the material can be 
introduced for structural rehabilitations of various ty=pes of masonry constructions [4].  

Tests were performed on 2 full core brick halves sandwiched with mortar M5, the final dimension being 
12x12x17. The epoxy resins were produced by mixing together two adhesive components, in a metal cover inert to 
the substances mentioned earlier. The lamines of carbon fibre and aluminium joined together with the epoxy resins 
of trademark Sikadur-330 [9] were prepared to be applied onto the bricks. We laminated the brick module with a 
layer of epoxy resins, then we applied the carbon fibre mesh. Over the carbon fibre, another layer of resin was put 
and the aluminium mesh was added and the final external layer. The resin drying time and setting time depends 
upon the preparation of the binder. From the moment setting occurs, the material homogeneity and the cooperation 
between the carbon fibre and the aluminium mesh is evident.  

In the side image, one can notice the easiness of the manual lamination and the uniform dispersion of the epoxy 
resin. It is also necessary to mention the homogeneity between the aluminium mesh reinforced with carbon fibre and 
the brick sandwich. AS one can see, this composite material fits in an excellent manner to any surface, irrespective 
of the particular features it presents.                                                                                             
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a)                                         b) 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 5. (a) Masonry module; (b) Masonry module with epoxy resins. 

 The advantage of the high homogeneity combined with the special stiffness of the carbon fibre provides 
evidently improved mechanical strengths as bricks are protected by the cover of the composite material. If masonry 
elements are crushed, the carbon fibre reinforced aluminium mesh remains intact, not allowing the crushed pieces to 
go out and maintaining an unchanged structure.  

                   
 

 
 
 
 
 
 
 
 
 
 

Fig. 6. Sandwich of bricks reinforced with carbon and aluminium 

   
a)                                                                                       b) 
 
 
 
 
 
 
 
 
 
 
 

Fig. 7. (a) Determination of  the resistance to compression; (b) Failure of the module 
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One of the mechanical properties which was significantly improved is resistance to compression. During the tests 
carried out, we used three samples: a simple brick sandwich (the standard sample),  a sandwich of bricks reinforced 
with carbon fibres and a sandwich of bricks reinforced with carbon and aluminium. To determine the resistance to 
compression, we used the hydraulic press. In the case of the standard, brick failed at an average value of 15,7 
N/mm2 . The sample reinforced only with carbon fibre an increase was recorded, so that it failed only at an average 
of 17,9 N/ mm2(the experiment was deemed finished when the carbon fibre broke under the force exerted by the 
hydraulic press). However, the resistance to compression has the highest value when the brick sandwich is 
reinforced with both carbon fibre and aluminium, glued together with epoxy resins. This masonry module failed at 
the value of 20,83 N/ mm2. 

AS it is visible from the image below, even if the aluminium mesh and the carbon fibre failed, it kept the brick 
together inside because of the epoxy resins that produced a strong homogeneous bond between the masonry element 
and the composite material and because of the very efficient cooperation between the carbon fibre and aluminium.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 8. Module after failure 

The graph below highlights the compression strength of the product obtained compared to previous tests:   
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 9. Strenght to compression. 
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4. Conclusions 

The research carried out helps draw the following conclusions:  
• The strengths of the composite material with carbon fibres reinforced with aluminium meshes are higher 

than those of already existing materials and are promising for the domain of use of the structural 
rehabilitation of buildings with various types of masonry. An increase in the compression strength of 
32,67% was recorded compares to the standard module.  

• The work between the carbon fibre and aluminium mesh is excellent, the two materials reciprocally 
compensate so that it yields a product with favourable physical and chemical properties. The issue 
regarding epoxy resin at high temperatures and aluminium dilation are covered by the high carbon fibre 
stiffness. Aluminium flexibility significantly contributes to material malleability on any kind of surface. 
Lamination is performed easily and the two materials combine without difficulty. 

• The material has a double role, that of masonry buildings strength structure consolidation and that of 
achieving setting of finishing elements later on applied. In this way, the capital and amounts of money 
required for rehabilitation are reduced.  

• The new idea, not encountered until now in the building field, that of reinforcing the carbon fibre material 
with aluminium meshes by means of epoxy resins will bring about  new solutions to consolidate masonry 
structures and to develop a novel composite material, with improved properties as compared to existing 
materials in use.  

•    To obtaine the new composite material made of carbon fiber reinforced with aluminum mesh using epoxy 
resins, there is no need for special technologies or extra workmanship which would increase the costs. The 
process of rehabilitation of masonry structures by this method can be done on site and does not require 
qualified personnel. The materials used can be obtained easily from specialized stores. 

• This mode of structural rehabilitation is easy to use by anyone in all masonry structures and even in areas 
where it is difficult to access where classical methods of massive rehabilitation can not be achieved or 
would raise a lot of production costs 

• The result of this experimental study is a new composite material, carbon fiber reinforced with aluminum 
mesh and epoxy resins, with improved properties. This new product has not been used so far in the masonry 
structure.  

• The present paper can provide an opportunity for further research. Other case studies can be made with the 
carbon fibre and other kinds of meshes (of different shapes and size of mesh eyes, other lamination 
methods). The positive results of the present research make us further investigate other characteristics of 
this material, other lamination methods, other consolidation and rehabilitation technologies performed with 
this material whose properties can be subsequently improved    in order to produce a higher level material 
as compared to the ones on the market at present. 

References 

[1] Daniela Manea, Materiale Compozite, UT Press Cluj Napoca (2003)   
[2] Randa Hassan Mohamed and Abdu Wahab El-Khady, Journal of Civil Engineering and Architecture 9, (2014)   
[3] Răzvan Andrei Iernutan, Florin Babota, Autoclaved Cellular Concrete (ACC) Masonry with Vertical Hollows Confined with Disperse 

Reinforced Concrete, Procedia Engineering, Volume 181, 2017, Pages 300-307, ISSN 1877-7058. 
[4] Jonathan David Grimes, The Effect of Steel Fibre-Reinforced Grout on the Tension Stiffening Behaviour of Reinforced Concrete Masonry, 

ianuarie (2014) 
[5] S. V. Kamat, J. P. Hirth and R. Mehrabian, Mechanical Properties of Particulate Reinforced Aluminum Matrix Composites, ( February 1989) 
[6] Rodney S. Ruoff and Donald C. Lorents, Mechanical and Thermal Properties of Carbon Nanotubes, (10th January 1995) 
[7] Min-Feng Yu, Bradley S. Files, Sivaram Arepalli  and Rodney S. Ruoff, Tensile Loading of Ropes of SingleWall Carbon Nanotubes and their 

Mechanical Properties, (12 June 2000)  
[8] C. T. Lin and P. W. Kao, Delamination growth and its effect on crack propagation in carbon fiber reinforced aluminum laminates under 

fatigue loading, (3April 1995) 
 [9] SikaWrap® -230C, Panza din fibra de carbon, tesuta, pentru consolidari structurale 

View publication stats

https://www.researchgate.net/publication/332596879

