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ABSTRACT 
 

This research investigates the potential of manufacturing composite materials combining good 
mechanical and thermal insulation characteristics using C&D wastes (Construction and Demolition 
waste) in substitution of raw aggregates. Unsaturated polyester matrix composites encapsulating 
C&D waste of 300 μm and 500 μm as additives, at concentrations of 30%, 40% and 50 (% w/w) 
respectively, were manufactured. The effects of loading these materials with C&D wastes, in terms 
of mechanical and thermo-insulating performance were studied. Experimental research revealed 
the strong interrelation between the mechanical performance of materials and parameters such as 
grain size and concentration of loading agent. In particular, composites encapsulating 300 μm 
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additives demonstrated improved flexural and shear properties, taking values of 34.59 MPa (30% 
additives), 35.61 MPa (40% additives) and 30.25 MPa (50% additives) for flexural strength and 
3.72 MPa (30% additives), 4.18 MPa (40% additives) and 2.66 MPa (50% additives) for shear 
strength, compared to corresponding 500 μm loaded composites which flexural strength reached  
33.58 MPa (30% additives), 34.6 MPa (40% additives) and 27.47 MPa (50% additives). Similarly 
shear strength reached 2.81 MPa (30% additives), 3.87 MPa (40% additives) and 2.5 MPa (50% 
additives) respectively. Composite materials loaded at a concentration of 40% (w/w) using 300 μm 
C&D waste additives, exhibited optimal mechanical efficiency in terms of flexural and shear 
strength. Thermo-insulating properties of optimum, in terms of mechanical behavior, composite 
materials were afterwards investigated. Thermal insulation efficiency was determined by 
measurement of thermal conductivity coefficient (λ) which was calculated at 0.39 W m

-1
 K

-1
, 

demonstrating good insulating properties compared to common insulation materials In conclusion, 
the characteristic attribute of these materials to exhibit adequate mechanical and thermal insulation 
properties, as validated by the experimental results, indicates their suitability as building and 
insulation materials in construction applications. 
 

 
Keywords:  Composite materials; construction and demolition waste; additives; mechanical 

properties, thermal properties; insulation; unsaturated polyester. 

 
ABBREVIATIONS 
 
C&D waste : Construction and Demolition waste 
EU : European Union 
MEKP : Methyl-ethyl-ketone peroxide 

 
1. INTRODUCTION 
 
Civil infrastructure projects and building 
construction sectors consume over half of the 
material and energy resources [1].  The irrational 
consumption model of these activities designated 
them as the most inefficient “consumers” [2], 
outlining at the same time, the importance of 
implementing more sustainable strategies in 
every distinct level of materials production and 
life-cycle [3-10]. Moreover, recycling and 
recovery issues related to construction and 
demolition waste (C&D waste) management, 
have become crucial and discussed in many 
research studies [11-16]. 
 
Even though strict environmental standards and 
a demanding legislative framework are in force 
within the European Union (EU), setting 
incredibly high quantitative recycling targets as 
far as C&D waste management is concerned, the 
average recycling percentage rates in EU 
member countries hardly reaches 50% [17-31]. 
 
During the last decades, composite materials are 
being widely used in a great number of 
applications as a result of the outstanding 
mechanical properties they exhibit [32-41]. The 
need to reduce production costs and keep at the 
same time materials' properties in adequately 
descent levels designated the positive effects of 

various kinds of particulate fillers addition in 
composite materials [42-51]. According to 
sustainability standards and as far as 
environmental awareness increased, many 
researchers investigated the possibility of 
utilising various wastes or by-products, as 
additives in composite materials manufacturing 
[52-61].  However, the possibility of exploiting 
C&D wastes as raw materials in manufacturing 
cheap building materials which are 
environmental friendly and present decent 
properties, have not been researched yet in great 
extent. Research papers concerned with the 
issues involved in C&D waste recycling are 
concentrated on an investigation of specific C&D 
wastes in concrete [63,64], rural roads [65,66] 
and mortars construction [67,68].   
 
The aim of this research is to develop new C&D 
waste loaded composite materials combining 
appropriate mechanical and thermal insulating 
properties, enabling them to be used as building 
and insulation materials.  Besides that, a different 
exploiting potential for C&D waste is introduced. 
 

2. MATERIALS AND METHODS 
 

2.1 Raw Materials and Resin System 
 
Construction and Demolition waste containing 
various materials such as bricks, cinder blocks, 
gravel, tiles, soil, glass, concrete, wall coating 
(plaster), produced from demolished buildings, 
was collected from a specialised C&D waste 
processing facility where they have been guided 
for further management. Composition of waste 
was determined by means of visual inspection. 
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The resin used as a matrix for composites was 
unsaturated thixotropic polyester PE6/TC system 
of Neotex Co., which is available in the market as 
a complete set (resin and curing agent). 
 

2.2 Preparation of Additive Substance 
from C&D Waste 

 

After removing contaminants which could not be 
processed (such as steel reinforcement parts), 
by means of hand-sorting and initial weighing of 
collected waste, consecutive stages of sampling 
through laboratory splitter to ensure sample’s 
maximal homogeneity, were performed. Crushing 
in a jaw-crusher took place afterwards to bring 
C&D waste in a more manageable size and 
enable further processing. The initial crushing 
product was placed for 24 hours in the oven to 
remove contained moisture. After de-
humidification, a sequence of sieving routines, 
were executed. Additional splitting-sampling 
steps took place and powders of two 
granulometric sizes, 300 μm and 500 μm, were 
finally prepared through grinding in a pulverising 
mill. 
 

2.3 CDW-loaded Polyester Composites’ 
Mechanical Behaviour Analysis 

 

Mixture of unsaturated thixotropic polyester PE 
6/TC adding the appropriate quantity (≈3% w/w) 
of curing agent, Methyl-ethyl-ketone peroxide 
(MEKP) and loaded with C&D waste additives of 
granular size 300 μm and 500 μm at 
concentrations of 30%, 40%, and 50% (w/w) 
respectively, were prepared after continuous 
stirring the ingredients in a pot for 5 minutes. 

Weight measurements required were performed 
using an electronic weighing machine. Final 
mixture was carefully poured into a mould 
suitable for flexural and shear strength according 
to the standards. A thin layer of wax was applied 
on mould’s surfaces to enable easy and 
undamaged removal of specimens. The mould 
containing the poured mixture was placed in a 
laboratory oven and thermally cured at 60

o
C for 

20 minutes. Flexural and shear tests of 
unsaturated polyester C&D waste loaded 
composites, were conducted according to the 
three-point method by ASTM D 790 [69] and 
ASTM D 2344 [70] (see Fig.1). The distance 
between the supporting basis of three-point 
bending test machine was set at 10 cm for 
flexural strength measurements and 1 cm for 
shear strength measurements respectively. 
 

2.4 CDW-loaded Polyester Composites’ 
Thermal Insulation Properties 

 
Thermo-insulating properties of composites were 
defined by determination of thermal conductivity 
coefficient, λ, using Eq. 1 
 

                                  (1)

 

 
Where; 
 
Φ : Capacity resistance of heating surface,  
Sm : Composites’ average thickness (m), 
A : Composites’ average surface area (m

2
), 

Θwm : Composites’ warm surfaces av. Temp. (
ο
K),  

Θcm : Composites’ cold surfaces av. Temp. (
ο
K). 

  

 
 

Fig. 1. Schematic of the three-point test 
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Fig. 2. Thermal conductivity measurement apparatus 
 

Experimental measurement of composites 
thermal insulation efficiency was carried out by 
means of a guarded-hot-plate apparatus [71-73] 
according to ASTM C177 [74].  The set-up of the 
apparatus used is presented in Fig. 2. 
 

Discoid composite specimens with identical 
dimensions to those of heating and cooling 
components of the experimental set-up were 
prepared. Materials to be tested were 
manufactured following the same procedure, 
based on composition characteristics of optimum 
(in terms of mechanical behaviour) composites, 
as far as polyester/ curing agent proportions, 
additives grain size and w/w concentration is 
concerned (see Fig. 3 and Fig. 4, section 3.1). 
After mixing, the final blend was poured in a tray 
and cured in the oven at 60°C for 20 min. Wax 
was again applied to ease composites removal 
from the moulding tray. Specimens to be tested 
were placed in the spaces between the heater 
and the two cooling plates of the hot-guarded-
plate. The experimental set-up (heater, cooling 
plates, and test specimens) after being 
assembled was appropriately insulated. 

 
Error involved in measurements of thermal 
conductivity’s coefficient, λ, is ±5%. Required 
calculations were performed according to the 
literature [75]. 

3. RESULTS AND DISCUSSION 
 

3.1 C&D Waste Particle-Filled Polyester 
Composites 

 

3.1.1 Flexural strength 
 
Flexural strength of composites under 
investigation is presented in Fig. 3. Pure 
polyester materials are represented in light green 
coloured column, 300 μm and 500 μm C&D 
waste loaded composites are represented in blue 
and orange coloured columns respectively. 
Composites incorporating 30% w/w additives, 
demonstrated a decrease in flexural strength of 
55.4% once 500 μm is used as filler and 54.1% 
in the case of 300 μm additive respectively, 
compared to flexural strength recorded for pure 
unsaturated polyester materials. Increasing filling 
agent’s percentage to 40% acts on inversely. At 
this specific concentration of additive flexural 
strength of composites is improved by 2.95% 
(500 μm filler) and 2.86% (300 μm filler) in 
comparison to materials incorporating 30% of 
C&D waste additive. Further increase of filler’s 
concentration from 40% to 50% leads to 
significant decrease of flexural strength about 
20.6% for composites loaded with 500 μm 
powder and 15.1% for 300 μm loaded ones 
respectively, compared to those loaded with 40% 
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w/w additives. Adding filler of different grain                  
size led to modifications in composites                 
bending strength. In particular, composites                
filled with 30%, demonstrated a decrease of 
2.92% in flexural strength once 500 μm filling 
powder is used, compared to these in which 300 
μm filler is used. Similarly, composites loaded 
with 40% presented a decrease of 2.84% in 
flexural strength and composites encapsulated 
50% C&D waste additive, demonstrated a 
reduction of 9.19% respectively. Optimum 
flexural strength values were presented by 
composites loaded with 40% w/w using 300 μm 
additives compared to all loading scenarios 
studied.  
 
3.1.2 Shear strength 
 
Fig. 4 presents shear strength of manufactured 
composites. As in the case of flexural                 
strength graphical illustration, unloaded 
composites (pure polyester) are represented               
in light green coloured column and those                   
filled with additives of 300 μm and 500 μm                  
are represented in blue and orange                     
coloured columns. Adding 30% w/w of filling 
agent in the polyester composites, led to the 
decrease of shear strength by 79.9% for 
composites incorporating 500 μm additives and 
73.3% for those containing 300 μm additives 

respectively, compared to the shear strength 
values measured for pure polyester specimens 
(matrix). Increasing the concentration of filling 
agent to 40% had an inverse result, since shear 
strength composites was improved by 27.4% 
(500 μm filler) and 11% (300 μm filler) compared 
to those loaded at a concentration of 30% w/w. 
Further increase of loading concentration from 
40% to 50% led to an even greater reduction of 
shear strength values about 35.4% (composites 
incorporating 500 μm additives) and 36.4% 
(composites with 300 μm additive), in 
comparison to 40% w/w loaded composites. An 
enhancement in shear strength was exhibited by 
composites encapsulating 300μm C&D waste 
additives at 40% w/w, in comparison to all other 
additive incorporating composites examined. 
Additive’s granular magnitude is of great 
importance as far as shear strength is 
concerned. Analytically, encapsulation of 
additives at 30%, led to the reduction of                   
shear strength by 24.5% while 500 μm filler is 
used in place of 300 μm. Correspondingly, 
composites containing additive at concentration 
of 40% presented a shear strength reduction of 
7.42% and those containing 50% of filler 
demonstrated a downsizing of 6.01% 
respectively, once the 500 μm C&D waste 
additive was used to load composites, instead of 
300 μm.  

 

 
 

Fig. 3. CDW-filled composites’ flexural strength 
(Note: All Measurements include +/- 7% of error) 

 



 
 
 
 

Bogiatzidis et al.; JMSRR, 1(2): 69-79, 2018; Article no.JMSRR.43628 
 
 

 
74 

 

Table 1. C&D waste loaded polyester composites versus common insulation materials-Coefficients of thermal conductivity 
 

Material Polymer matrix 
Polyester/ MEKP (% w/w) 

Additive (filler) 
CDW (% w/w) 

Coefficient of thermal 
conductivity, λ (W m

-1
K

-1
) 

Granular magnitude 
of filler (μm) 

C&D waste-loaded composite* 
Commercial Unsat. Polyester* 

60 
100 

40 
- 

0.39 
0.2664* 

300 

Expanded Polystyrene (XPS) 
Extruded polystyrene (EPS) 

100 
100 

- 
- 

0.029-0.041** 
0.025-0.035** 

 

Polyurethane foam (PUR) 100 - 0.020 -0.027**  
Unsat. Commercial  Polyester   0.24

*** 
 

* Experimentally determined 
** Values found in literature 

*** Experimentally determined value of pure polyester found in the literature 

 

 
 

Fig. 4. CDW-filled composites’ shear strength 
(Note: All Measurements include +/- 7% of error) 
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3.2 Thermal Insulation Properties 
 

The effects of loading on thermal insulation 
properties of composites were assessed by 
estimation of thermal conductivity coefficient, λ. 
Thermal conductivity coefficient took 
characteristic values which are presented in 
Table 1. Analytically, thermal conductivity 
coefficient of C&D waste loaded polyester 
composites was calculated at 0.39 W m-1                     
K-1. This value appears to be increased 
compared to corresponding λ values of 
polystyrene based (0.025-0.041 W m-1 K-1)               
and polyurethane foam (0.020-0.027 W m-1 K-1) 
materials that are widely used as insulators             
[76]. Thermo-insulating efficiency of composites 
was affected by C&D waste addition decreasing 
by 31% compared to the experimentally 
determined value obtained for pure polyester 
specimens. The measured thermal conductivity 
coefficient was almost identical in comparison to 
pure polyester λ values found in literature [77]. 
Encapsulation of C&D waste fillers led to 
manufacturing of materials with low thermal 
conductivity combining sufficiently good 
mechanical strength.     
 

4. CONCLUSIONS 
 

In the present study the effect of incorporating 
C&D wastes on polyester matrix in terms of 
mechanical performance and thermo-insulating 
efficiency of the resulting composites was 
studied. The optimum manufactured composites 
were those loaded with C&D wastes of 300μm at 
concentration of 40% (w/w), exhibiting 
adequately good mechanical performance. The 
thermo-insulating properties were slightly 
affected compared to the pure polyester, 
resulting in reduction of the thermal conductivity 
coefficient, λ. Those results along with the 
recycling of the wastes indicate that they are 
appropriate and can be utilized as building and 
insulation materials in construction applications. 
 

COMPETING INTERESTS 
 

Authors have declared that no competing 
interests exist. 
 

REFERENCES 
 

1. Krausmann F, Gingrich S, Eisenmenger N, 
Erb KH, Haberl H, Fischer-Kowalski M. 
Growth in global materials use, GDP and 
population during the 20th century. 
Ecological Economics. 2009;68(10):2696-
2705. 

2. Pacheco-Torgal F, Labrincha JA. The 
future of construction materials research 
and the seventh UN Millennium 
Development Goal: A few insights. 
Construction and Building Materials. 2013; 
40:729–737. 

3. Mora EP. Life cycle, sustainability and the 
transcendent quality of building materials. 
Building and Environment. 2007; 
42(3):1329-1334. 

4. Venkatarama Reddy BV. Sustainable 
Building Technologies. Current Science. 
2004;87(7):899-907. 

5. Walker PJ. Strength, durability and 
shrinkage characteristics of cement 
stabilised soil blocks. Cement and 
Concrete Composites. 1995;17(4):301-
310. 

6. Olubunmi OA, Xia PB, Skitmore M. Green 
building incentives: A review. Renewable 
and Sustainable Energy Reviews. 2016; 
59:1611-1621. 

7. Darko A, Chan APC. Review of barriers to 
green building adoption. Sustainable 
Development. 2017;25(3):167–179. 

8. Pacheco-Torgal F. Eco-efficient 
construction and building materials 
research under the EU Framework 
Programme Horizon 2020. Construction 
and Building Materials, 2014;51:151-162. 

9. Zuo J, Zhao ZY. Green building research–
current status and future agenda: A 
review. Renewable and Sustainable 
Energy Reviews. 2014;30:271-281. 

10. Dobson DW, Sourani A, Sertyesilisik B, 
Tunstall A. Sustainable construction: 
Analysis of its costs and benefits. 
American Journal of Civil Engineering and 
Architecture. 2013;1(2):32-38. 

11. Bribián IZ, Capilla AV, Usón AA. Life cycle 
assessment of building materials: 
Comparative analysis of energy and 
environmental impacts and evaluation of 
the eco-efficiency improvement potential. 
Building and Environment. 2011;46(5): 
1133-1140. 

12. Kumar R. Influence of recycled coarse 
aggregate derived from construction and 
demolition waste (CDW) on abrasion 
resistance of pavement concrete. 
Construction and Building Materials. 2017; 
142:248-255. 

13. Ossa A, García JL, Botero E. Use of 
recycled construction and demolition waste 
(CDW) aggregates: A sustainable 



 
 
 
 

Bogiatzidis et al.; JMSRR, 1(2): 69-79, 2018; Article no.JMSRR.43628 
 
 

 
76 

 

alternative for the pavement construction 
industry. Journal of Cleaner Production. 
2016;135:379-386. 

14. Huang B, Wang X, Kua H, Geng Y, 
Bleischwitz R, Ren J. Construction and 
demolition waste management in China 
through the 3R principle. Resources, 
Conservation and Recycling. 2018;129:36-
44. 

15. Crawford RH, Mathur D, Gerritsen R. 
Barriers to improving the environmental 
performance of construction waste 
management in remote communities. 
Procedia Engineering. 2017;196:830-837. 

16. Yuan H, Huang Z, Xu P. A Framework for 
eco-efficiency of C&D waste management. 
Procedia Environmental Sciences. 2016; 
31:855-859. 

17. European Parliament. Directive 
2008/98/EC on waste and repealing 
certain directives. Official Journal of the 
European Parliament and the Council. 
Brussels; 2008.  
Available:https://eur-lex.europa.eu/legal-
content/EN/TXT/PDF/?uri=CELEX:32008L
0098&from=EN  
(Accessed: on 20 April 2018)  

18. European Commission. EU construction & 
demolition waste management protocol; 
2016.  
Available:http://ec.europa.eu/growth/conte
nt/eu-construction-and-demolition-waste-
protocol-0_en 
(Accessed: 10 May 2018)  

19. Deloitte SA. Construction and demolition 
waste management in Italy. V2-October 
2015.  
Available:http://ec.europa.eu/environment/
waste/studies/deliverables/CDW_Italy_Fac
tsheet_Final.pdf 
(Accessed on 10 May 2018) 

20. Deloitte SA. Construction and demolition 
waste management in United Kingdom, 
V2-September 2015. (Revised 27-1-2016).  
Available:ttp://ec.europa.eu/environment/w
aste/studies/deliverables/CDW_UK_Factsh
eet_Final.pdf  
(Accessed on 13 May 2018) 

21. Deloitte SA. Construction and demolition 
waste management in Ireland. V2-
September 2015.  
Available:http://ec.europa.eu/environment/
waste/studies/deliverables/CDW_Ireland_F
actsheet_Final.pdf 
(Accessed: 13 May 2018)  

22. Deloitte SA. Construction and demolition 
waste management in Portugal. V2-
September 2015.  
Available:http://ec.europa.eu/environment/
waste/studies/deliverables/CDW_Portugal
_Final.pdf  
(Accessed on 13 May 2018) 

23. Deloitte SA. Construction and demolition 
waste management in Denmark. V2-
September 2015.  
Available:http://ec.europa.eu/environment/
waste/studies/deliverables/CDW_Denmark
_Factsheet_Final.pdf  
(Accessed: 2 June 2018) 

24. Deloitte SA. Construction and demolition 
waste management in Sweden. V2-
September 2015.   
Available:http://ec.europa.eu/environment/
waste/studies/deliverables/CDW_Sweden_
Factsheet_Final.pdf  
(Accessed: 3 June 2018) 

25. Deloitte S.A. Construction and demolition 
waste management in Spain. V2- 
31/8/2015. 
Available:http://ec.europa.eu/environment/
waste/studies/deliverables/CDW_Spain_F
actsheet_Final.pdf 
(Accessed on 3 June 2018) 

26. Deloitte SA. Construction and demolition 
waste management in Croatia. V2- 
September 2015.  
Available:http://ec.europa.eu/environment/
waste/studies/deliverables/CDW_Croatia_
Factsheet_Final.pdf  
(Accessed on 3 June 2018) 

27. Deloitte SA. Construction and demolition 
waste management in Romania. V2- 
September 2015.  
Available:http://ec.europa.eu/environment/
waste/studies/deliverables/CDW_Romania
_Factsheet_Final.pdf  
(Accessed on 4 June 2018) 

28. Deloitte SA. Construction and demolition 
waste management in Hungary. V2- 
September 2015.  
Available:http://ec.europa.eu/environment/
waste/studies/deliverables/CDW_Hungary
_Factsheet_Final.pdf  
(Accessed on 4 June 2018)  

29. Deloitte SA. Construction and demolition 
waste management in Estonia. V3 – 
December 2015.  
Available:http://ec.europa.eu/environment/
waste/studies/deliverables/CDW_Estonia_
Factsheet_Final.pdf   
(Accessed on 4 June 2018)  



 
 
 
 

Bogiatzidis et al.; JMSRR, 1(2): 69-79, 2018; Article no.JMSRR.43628 
 
 

 
77 

 

30. Deloitte SA. Construction and demolition 
waste management in Bulgaria. 2014.  
Available:http://ec.europa.eu/environment/
waste/studies/deliverables/CDW_Bulgaria_
Factsheet_Final.pdf 
(Accessed on 4 June 2018) 

31. Deloitte SA. Construction and demolition 
waste management in Cyprus. V2-
September 2015.  
Available:http://ec.europa.eu/environment/
waste/studies/deliverables/CDW_Cyprus_
Factsheet_Final.pdf 
(Accessed: 4 June 2018)  

32. Beardmore P, Johnson CF. The potential 
for composites in structural automotive 
applications. Composites Science and 
Technology. 1986;26(4):251-281. 

33. Ramakrishna S, Mayer J, Wintermantel E, 
Leong WK. Biomedical applications of 
polymer-composite materials: A review. 
Composites Science and Technology. 
2001;61(9):1189-1224. 

34. Kaczmar JW, Pietrzak K, Włosiński W. The 
production and application of metal matrix 
composite materials. Journal of Materials 
Processing Technology. 2001;106(1–
3):58-67. 

35. Schmidt S, Beyer S, Knabe H, Immich H, 
Meistring R, Gessler A. Advanced ceramic 
matrix composite materials for current and 
future propulsion technology applications. 
Acta Astronautica. 2004;55(3–9):409-420. 

36. Hammel E, Tang X, Trampert M, Schmitt 
T, Mauthner KA, Eder A, Pötschke P. 
Carbon nanofibers for composite 
applications. Carbon. 2004;42(5–6):1153-
1158. 

37. El-Sayed AA, El-Sherbiny MG, Abo-El-Ezz 
AS, Aggag GA. Friction and wear 
properties of polymeric composite 
materials for bearing applications. Wear. 
1995;184:45-53. 

38. Yu M, Shen H, Dai ZD. Manufacture and 
performance of ionic polymer-metal 
composites. Journal of Bionic Engineering. 
2007;4(3):143-149. 

39. Njuguna J, Pielichowski K, Alcock JR. 
Epoxy-based fibre reinforced 
nanocomposites: Current status. Advanced 
Engineering Materials. 2007;9(10):835-
847. 

40. Xiao X. Modelling Energy absorption with a 
damage mechanics based composite 
material model. Journal of Composite 
Materials. 2009;43(5):427-444. 

41. Dicker MPM, Duckworth PF, Baker AB, 
Guillaume F, Hazzard MK, Weaver PM. 

Green composites: A review of material 
attributes and complementary applications. 
Composites Part A: Applied Science and 
Manufacturing. 2014;56:280-289. 

42. Chauhan D, Singhvi N, Singh R. Effect of 
geometry of filler particles on the effective 
thermal conductivity of two-phase systems. 
International Journal of Modern Nonlinear 
Theory and Application. 2012;(2):40-46. 

43. Ahmed S, Jones FR. A review of 
particulate reinforcement theories for 
polymer composites. Journal of Materials 
Science. 1990;25(12):4933-4942. 

44. Fu SY, Feng XQ, Lauke B, Mai YW. 
Effects of particle size, particle/matrix 
interface adhesion and particle loading on 
mechanical properties of particulate–
polymer composites. Composites: Part B. 
2008;39(6):933–961. 

45. Wong KJ, Yousif BF, Low KO, Ng Y, Tan 
SL. Effects of fillers on the fracture 
behaviour of particulate polyester 
composites. Journal of Strain Analysis for 
Engineering Design. 2010;(1):67-78. 

46. Nakamura Y, Yamaguchi M, Okubo M, 
Matsumoto T. Effect of particle size on the 
fracture toughness of epoxy resin filled 
with spherical silica. Polymer. 1991; 
32(12):2221-2229. 

47. Yaman K, Taga O. Thermal and electrical 
conductivity of unsaturated polyester resin 
filled with copper filler composites. 
International Journal of Polymer Science. 
2018;1-10. 

48. Hulugappa B, Myzuru V, Bheemappa S. 
Effect of fillers on mechanical properties 
and fracture of Glass fabric reinforced 
epoxy composites. Journal of Minerals  
and Materials Characterization and 
Engineering. 2016;4:1-14. 

49. Daramola OO, Akintayo OS. Mechanical 
properties of epoxy matrix composites 
reinforced with green silica particles. 

50. Galande P, Zarekar SE. Effect of various 
fillers on mechanical properties of Glass 
Fibre Reinforced Polymer Composites: A 
review. International Journal of Emerging 
Trends in Science and Technology. 2016; 
3(4):3778-3782. 

51. Bigg DM. Mechanical properties of 
particulate filled polymers. Polymer 
Composites. 1987;8(2):115-122. 

52. Barczewski M, Matykiewicz D, 
Andrzejewski J , Skorczewska K. 
Application of waste bulk moulded 
composite (BMC) as a filler for isotactic 



 
 
 
 

Bogiatzidis et al.; JMSRR, 1(2): 69-79, 2018; Article no.JMSRR.43628 
 
 

 
78 

 

polypropylene composites. Journal of 
Advanced Research. 2016;7:373-380.  

53. Kajacks J, Kalnins K, Uzulis S, Matvejs J. 
Physical and mechanical properties of 
composites based on polypropylene and 
timber industry waste. Central European 
Journal of Engineering. 2014;4(4):385-390. 

54. Rajkumaraa VN, Bhattacharjee P. 
Assessment of Composite Waste Disposal 
in Aerospace Industries. Procedia 
Engineering Sciences. 2016;35:563-570 

55. Reis PNB, Ferreira JAM, Silva PAA. 
Mechanical behaviour of composites filled 
by agro-waste materials. Fibers and 
polymers. 2011;12:240 

56. Müller M. Mechanical properties of 
composite material reinforced with textile 
waste from the process of tyres recycling. 
Research in Agricultural Engineering. 
2016;62(3):99-105 

57. Cintia SN, Reboredo MM, Granados DL. 
Comparative Study of Agroindustrial 
Wastes for their use in Polymer Matrix 
Composites. Procedia Engineering. 
2015;8:778-785 

58. Surata IW, Suriadi IGAK, Arnis K. 
Mechanical Properties of rice husks fibre 
reinforced polyester composites. 
International Journal of Materials, 
Mechanics and Manufacturing. 2014; 
2(2):165-168 

59. Abba HA, Nur IZ, Salit SM, Review of agro 
waste plastic composite production. 
Journal of Minerals and Materials 
Characterization and Engineering. 2013; 
1:271-279. 

60. Uygunoglu T, Gunes I, Brostow W. 
Physical and mechanical properties of 
Polymer composites with high contents of 
wastes including boron. Materials 
Research. 2015;18(6):1188-1196. 

61. Ray S, Rout AK, Sahoo AK. Development 
of glass/polyester composites filled with 
industrial wastes using statistical 
techniques. Indian Journal of Engineering 
& Materials Sciences. 2018;25:169-182.   

62. ASTM D 790-03 American Society of 
Testing and Material, standard test 
methods for flexural properties of 
unreinforced and reinforced plastics and 
electrical insulating materials, USA; 2003. 

63. Wagih AM, El-Karmoty HZ, Ebid M, Okba 
SH. Recycled construction and demolition 
concrete waste as aggregate for structural 
concrete. Housing and Building National 
Research Center. 2013;9(3):193-200. 

64. Correia JR, de Brito J, Pereira AS. Effects 
on concrete durability of using recycled 
ceramic aggregates. Materials and 
Structures. 2006;39:169–177. 

65. Jiménez JR, Ayuso J, Agrela F, López M, 
Galvín AP. Utilisation of unbound recycled 
aggregates from selected CDW in unpaved 
rural roads. Resources, Conservation and 
Recycling.  2012;58:88-97. 

66. Jiménez JR, Agrela F, Ayuso J, López MA. 
A comparative study of recycled 
aggregates from concrete and mixed 
debris as material for unbound road sub-
base. Materiales de Construcción. 2011; 
61(302):289-302. 

67. Miranda  LFR,  Constantino CS, Monich 
CR, Neto AAM. Use of recycled sand 
produced at construction sites in bedding 
mortars. Journal of Materials in Civil 
Engineering. 2013;25(2):236-242 

68. Ledesma EF, Jiménez JR, Ayuso J, 
Corinaldesi V, Godino FJI. A proposal for 
the maximum use of recycled concrete 
sand in masonry mortar design. Materiales 
de Construcción. 2016;66(321):1-15. 

69. ASTM D 790-03 American Society of 
Testing and Material, standard test 
methods for flexural properties of 
unreinforced and reinforced plastics and 
electrical insulating materials, USA; 2003. 

70. ASTM D 2344-00 American Society of 
Testing and Material, Standard Test 
Method for short-beam strength of polymer 
matrix composite materials and their 
laminates, USA; 2000. 

71. Salmon D. Thermal conductivity of 
insulations using guarded hot plates, 
including recent developments and 
sources of reference materials. 
Measurement Science and Technology. 
2001;12(12):89-98. 

72. Slifka AJ, Filla BJ, Phelps JM, Bancke G,  
Berndt CC. Thermal conductivity of a 
zirconia thermal barrier coating. Journal of 
Thermal Spray Technology. 1998;7(1):43-
46. 

73. Dubois S, Lebeau F. Design, construction 
and validation of a guarded hot plate 
apparatus for thermal conductivity 
measurement of high thickness crop-based 
specimens. Materials and Structures. 
2015;48(1-2):407-421. 

74. ASTM C 177-04 American Society of 
Testing and Material, standard test method 
for steady-state heat flux measurements 
and thermal transmission properties by 



 
 
 
 

Bogiatzidis et al.; JMSRR, 1(2): 69-79, 2018; Article no.JMSRR.43628 
 
 

 
79 

 

means of the guarded-hot-plate Apparatus, 
USA; 2004. 

75. Kallergis G, Pisania M, Simitzis J. 
Manufacture and characterization of heat 
resistant and insulating new composites 
based on novolac resin – carbon fibers – 
perlite. Macromolecular Symposia. 2013; 
331-332(1):137-143. 

76. Papadopoulos AM. State of the art 
insulation materials and aims for future 

development. Energy and Buildings. 
2005;37:77-86. 

77. Mounika M, Ramaniah K, Ratna                 
Prasad AV, Mohana Rao K, Hema 
Chandra Reddy K.Thermal conductivity 
characterization of bamboo fiber reinforced 
polyester composite. Journal of               
Materials and Environmental Science. 
2012;3(6):1109-1116. 

 

© 2018 Bogiatzidis et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution 
License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any 
medium, provided the original work is properly cited.  
 
 

Peer-review history: 
The peer review history for this paper can be accessed here: 

http://www.sciencedomain.org/review-history/26142 

http://creativecommons.org/licenses/by/2.0

