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INTRODUCTION 

Some of the most important materials in the 
building industry is CaSO4·2H2O, called gypsum 
(calcium sulfate hydrate), which is necessary for 
sound insulation at walls, in addition to many ap-
plications such as precast panels and parts, inte-
rior finishing works, and as a binder (Mucha et 
al., 2016; Yu and Brouwers, 2011). Moreover, all 
this could be due to the attraction of the design, 
the simplicity of manufacture and configuration, 
the favorable price in the market, so it is relatively 
stable, and the low density with the possibility of 

playing an important role in repelling and spread-
ing fires and reducing its heat (Yıldızel and 
Çarbaş, 2018; Yu and Brouwers, 2011). Gypsum 
also plays an influential role in medicine, espe-
cially dentistry (Sanad et al., 1982). In order to 
achieve a delay period installation time at cement-
ceramic casting, gypsum adding as an additive 
to the concrete (Papageorgiou et al., 2005). For 
study additives’ ability in the mixture to improve 
or strengthen the properties of materials, physi-
cally and chemically. 

Several practical studies work on materials 
such as gum tree powder, copper fibers, clay, fly 
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ABSTRACT
The sustainability and impact of copper fibres on pure gypsum is the primary purpose of this study to inves-
tigate a combination of two kinds of copper fibres obtained from environmental waste (damaged electrical 
wires). The copper fibres are dividings into a fixed length of 10 mm, but with two different diameters: the first 
is 0.83 mm and the second is 0.63 mm, where the ratio of width to height (L/D) is 12 and 15.9, respectively, 
with a volume ratio Vf = 0.4%, the ratios 0.5 and 0.6 represent the water to gypsum ratio (W/G ) individually. 
Each W/G ratio has two types of mixtures which organize according to diameter. The first considers a refer-
ence mixture without copper fibres (CF), and the other is a copper fibres mixture. This work found that the 
compressive strength increased from adding the copper fibres to a mixture of pure gypsum. Furthermore, this 
increase is apparent in pure gypsum compressive strength when raising the aspect ratio because of reducing the 
copper fibres’ diameters. In another way, increasing ratio of W/G in the case of existing copper fibres or none 
may reduce a compressive strength of mixtures. Therefore, when the ratio of W/G drops, the significance of 
copper fibres may become more apparent.
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ash, carbon fibers, polyvinyl chloride, cork, met-
als, rice husks, silica fume, and Portland (Abbood, 
2018; Abbood et al., 2020; Al-Chalabi et al., 2022; 
Ahmed S.D. Al-Ridha et al., 2020b; AL-Ridha et 
al., 2022a, 2022b, 2020; Bentur et al., 1994; Dêb-
ska et al., 2019; Deng et al., 1998; Dhaheer et al., 
2018; Hernández-Olivares et al., 1999; Joshi et 
al., 1992; Murat and Attari, 1991; Rutkowska et 
al., 2016; Strzałkowski and Garbalińska, 2019). 
The Addition of fibers to gypsum mixtures ap-
proved by many research works is a central topic 
of study, Especially after showing that the fibers 
increase gypsum strength and shape consistency 
in general (Al-Ridha et al., 2021; Elaiwi, EH; Al-
Chalabi, 2020; Flores Medina and Barbero-Bar-
rera, 2017; Li et al., 2003; Singh and Garg, 1992; 
Wu and Dare, 2006; Yıldızel and Çarbaş, 2018). 
Other researchers have also been interested in ad-
ditives, such as chipped carbon fibers, steel fibers 
and agro waste as reinforcement materials for 
mixtures such as cement mortar, concrete mix, 
and asphalt concrete (Abbas et al., 2022; Ahmed 
S.D. Al-Ridha et al., 2020; Ahmed S.D. Al-Ridha 
et al., 2020a; Chairunnisa et al., 2022; Elaiwi, 
EH; Al-Chalabi, 2020; ZAl-Sarraf et al., 2011).
This work investigates the effectiveness of ran-
dom copper fibers in general and for two different 
diameters of copper fibers in particular, with two 
different ratios of water to gypsum. The copper fi-
bers’ high ductility may prevent gypsum smash or 
breaking by preventing pullout from the mixture 
(Kittl et al., 1985).

Research aims

	• Examine the possibility of sustainability of 
copper fibers with pure gypsum as an additive 
from environmental waste.

	• Investigate the ability of compressive strength 
to improve the pure gypsum using electrical 
waste as fiber (copper fibers, CF).

	• Study the effect of copper fibre aspect ratio 
(L/D) by changing fiber diameter with vari-
able water/gypsum ratios.

EXPERIMENTAL AND MATERIALS DETAILS

The characteristics of copper fiber

The process begins with collecting the 
waste of various electrical works, from which, 

in particular, damaged or cut electrical wires 
are produced. After the stranded single-core 
wires were stripped from the outer rubber 
(which covers seven wires combined) for two 
different wires: the first one has a diameter of 
4 mm and the second one 3.5 mm. The density 
of electric wires used in this work is 9810 kg/
m3 with a yield strength equal to 70 MPa and 
an ultimate strength of 220 MPa. All electric 
wires follow “IEC 60227- 3 and BS EN 50525; 
2- 31” (Beer et al., 2011). In order to choose 
entirely new fibres that were not previously 
adopted, and it is possible to work as fibres 
added to the mixtures, only one model of the 
seven wires (fixed length) is taken, with a di-
ameter of 0.83 mm and 0.63 mm separately. 
Moreover, as shown in Figure 1, the approved 
models for working as additive fibres can 
be described as fixed fibres with a length of 
10 mm for each model but with aspect ratios 
L/D of 12 and 15.9 for diameters; 0.83 mm 
and 0.63 mm respectively (L/D is the ratio of 
lengths of copper wire to diameter).

Water

The essential element in the material com-
position required in this work is clean water to 
ensure the best results, so it uses the main natural 
water available.

Pure gypsum

The materials used in the present work are 
pure calcium sulfate hydrate gypsum with the 
chemical composition CaSO4·1/2H2O, often 
known as pure gypsum, and an environmental 
residue CF.

Mixtures of pure gypsum

According to the W/G ratio, six mixtures di-
viding into two separate parts, as in Figure 2. each 
part contains three mixes, one basic reference 
mixture with no copper fibers added with two 
more mixtures containing copper fibres (Vf = 0.4) 
with a diameter equal to 0.83 mm for the second 
mixture and 0.63 mm for the third mixture and 
an aspect ratio equal to 12 and 15.9, respectively. 
The length of the copper fibres is 10 mm each, as 
shown in Table 1.
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Mixing method

For homogenizing copper fibres with pure 
gypsum, the copper fibres are weighed in a vol-
ume ratio equal to 0.4%, using the dry mixing 
method. Depending on the W/G ratio approved 
by the current work (0.5 and 0.6), water added 
to the mixture is homogeneous. After the mixing 
completing, the mixture pouring into standard 
and cubic forms (50 mm for side). When the re-
quired maturation period is complete, the result-
ing gypsum cube is drawn from standard models 
and applied to an external heat source (45 °C) for 
30 hours–tests occurring in Mustansiriyah Uni-
versity “Structural Materials Laboratory” labora-
tories in the College of Engineering.

Compression strength for copper fibers 
mixtures

To explore the strength of copper fibres 
to develop the strength of pure gypsum, after 
36 hours, a compressive strength test according 
to ASTM: C472–99 for cubes with dimensions 
(50×50×50) mm (ASTM C472–99, 2014).

RESULTS AND DISCUSSION

The aspect ratio (for two different diameters) 
and the water/gypsum ratio 0.5 and 0.6 at cop-
per fibers pure gypsum mixtures strength are 
available by Figure 3 and Table 2. The mixes 

Figure 1. Copper fiber

Figure 2. Work scheme
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compressive strength containing copper fibers in-
creased noticeably. So copper fibers adding may 
delay crack creation and slow down the spreading 
of it at the mixture cube. By the water gypsum 
ratio 0.5 and 0.6, it was noticed that the increase 
in the aspect-ratio (by decrease a diameter of the 
copper fibers) might lead to the effectiveness of 
the copper fibers. The reason may belong to the 
increment in copper fiber quantity by diameter 
reduction, which could lead to an increase in its 
spread in the gypsum mixture. Accordingly, it 
turns out that the effectiveness of copper fibers 
increases significantly when the ratios of W/G 

decrease in pure gypsum and for all ratios and di-
ameters. The most explanation may be that when 
the W/G ratios decrease. So, the adhesion from 
copper fiber to the gypsum mixture increases; this 
may reduce the CF withdrawal hypothesis from 
pure gypsum.

Ef﻿fect of variable aspect ratios and 
W/G ratio on strength pure gypsum

Pure gypsum compressive strength PG by a 
change in the aspect ratio (with two different di-
ameters) for copper fibre and by a change in the 

Table 1. Mixtures description

Mixture No.
Diameter of copper fibre Ratio Copper fibre volume  fraction Aspect ratio Copper fibre lengths

D, mm W/G Vf , % ≈  L/D L, mm

Mix 1 None 0.5 0.0 None None

Mix 2 0.83 0.5 0.4 12 10

Mix 3 0.63 0.5 0.4 15.9 10

Mix 4 None 0.6 0.0 None None

Mix 5 0.83 0.6 0.4 12 10

Mix 6 0.63 0.6 0.4 15.9 10

Figure 3. The influence of copper fibers to strengthen pure gypsum mixtures through 
the aspect ratio (for two different diameters) and the water/gypsum ratio

Table 2. Pure gypsum mixtures details

Mixture    
No.

Ratio Diameter of
copper fibre

Copper fibre 
lengths Aspect-ratio Copper fibre as 

volume  fraction
Compressive  

strength
Increasing 
percentage

W/G D, mm L, mm L/D ≈ Vf , % MPa %

Mix 1

0.5

Non Non Non 0.0 12.27 –

Mix 2 0.83 10 12
0.4

15.07 22.8

Mix 3 0.63 10 15.9 20.03 63.2

Mix 4

0.6

Non Non Non 0.0 9.05 –

Mix 5 0.83 10 12
0.4

9.57 5.7

Mix 6 0.63 10 15.9 12.9 42.5
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ratio W/G observed in Figure 4 and Table 3. As 
the W/G ratio increases, the compressive strength 
decreases. This decrease behaviour applies if cop-
per fibers are present or not present in the mix-
ture, as this decrease was higher in mixtures con-
taining copper fibers than others (for all aspect 
ratios). Perhaps it behaves like this because of the 
effect of using copper fibers in increasing com-
pressive strength of mixture, as it increases when 
in W/G ratio decrease. That behavior is also well 
described in Figure 3.

CONCLUSION 

Pure gypsum compressive strength increases 
by adding copper fibres. When the diameter of 
the copper fibre decreases, the percentages of the 
increases generally increase with the increase in 
aspect ratio from 12 to 15.9. The effect of cop-
per fibres in increasing Pure gypsum compressive 
strength improves for both aspect- ratios 12 and 
15.9 by decreasing the ratio of W/G from 0.6 to 
0.5. When the ratio of W/G increases, Pure gyp-
sum compressive strength decreases and this 

behaviour is for all mixtures (with and without 
copper fibres). The decreases percentage for Pure 
gypsum compressive strength increased by rais-
ing the ratio of W/G at the mixture that contains 
copper fibres (for all aspect ratios) due to the high 
effect of copper fibres in improving the value of 
compressive strength for W/G ratio at 0.5, more 
than a ratio at 0.6.

Acknowledgment

All authors want a acknowledge Mustansi-
riyah University (www.uomustansiriyah.edu.iq) 
Baghdad – Iraq, to sponsoring this effort.

REFERENCES 

1.	 Abbas, F.S., Abdulkareem, W.S., Abbas, M.N. 2022. 
Strength development of plain concrete slabs by 
the sustainability potential of lead-loaded rice husk 
(LLRH). Journal of Applied Engineering Science, 
20, 160–167.

2.	 Abbood, A.A. 2018. Improvement of Gypsum 
Characteristics using T.G.P. and P.V.A. additives. 

Figure 4. Effect of variable aspect ratios and W/G ratio at compressive strength of the mixture

Table 3. Variable aspect ratios and ratio of W/G details

Mix. No
Ratios Diameter of

copper fibre
Copper fibre 

lengths

Copper 
fibre volume  

fraction
Aspect ratio Compressive 

strength
Decreasing
percentage

W/G L, mm L, mm Vf, % L/D ≈ MPa %

Mix 1 0.5 –
Non

0.0
Non

12.27 –

Mix 4 0.6 – – 9.05 26.1

Mix 2 0.5 0.83
10

0.4
12

15.07 –

Mix 5 0.6 – – 9.57 36.5

Mix 3 0.5 0.63
10

0.4
15.9

20.03 –

Mix 6 0.6 – – 12.90 35.6



153

Journal of Ecological Engineering 2023, 24(11), 148–154

International Journal of Science and Research, IJSR 
7, 741–747.

3.	 Abbood, A.A., Atshan, A.F., AL-Ridha, A.S.D. 
2020. Improvement of local gypsum plaster setting 
time by the combined usage of (TGP) and (PVA) 
additives. In: IOP Conference Series: Materials Sci-
ence and Engineering. Institute of Physics Publish-
ing, 012106.

4.	 Al-Chalabi, S.F., Elaiwi, E.H., Hussein, F.M., Ab-
bood, A.A., Ibrahim, S.K., Hussein, H.H., Abbas, 
F.S., Abdullah, E.L.N., Shukri, E.Z.A., AL-Ridha, 
A.S.D. 2022. Evaluating the individual, dual usage 
of (TGP) and (SF) additives on improving gypsum 
characteristics. Materials Today: Proceedings, 62, 
4567–4573.

5.	 AL-Ridha, A.S.D., Abbas, F.S., Faris, H.A.M., 
Dheyab, L.S., Ali, H.Z., Mohialdeen, M.S. 2022a. 
The influence of chopped copper fibre (cf) on the 
improvement of pure gypsum by compressive 
strength. Journal of Applied Engineering Science, 
20, 546–551.

6.	 Al-Ridha, Ahmed S.D., Abbood, A.A., Al-Asadi, 
L.S.M., Hussein, H.H., Dheyab, L.S. 2020a. Ef-
fect of adding chopped carbon fiber (CCF) on the 
Improvement of gypsum plaster characteristicssss. 
In: IOP Conference Series: Materials Science and 
Engineering. IOP Publishing Ltd, 012009.

7.	 AL-Ridha, A.S.D., Abbood, A.A., Al-Badran, Y.M., 
Hussein, H.H., Dheyab, L.S., Atshan, A.F., Khud-
hur, I.D., Alak, M.R., Ahmed, A.A. 2022b. Compar-
ative study between the individual, dual and triple 
addition of (SF), (TGP) and (PVA) for improving 
local plaster of paris (LPOP) properties. Materials 
Today: Proceedings, 56, 2721–2729.

8.	 Al-Ridha, Ahmed S.D., Abbood, A.A., Al-Chalabi, 
S.F., Aziz, A.M., Dheyab, L.S. 2020b. A Compara-
tive study between the effect of steel fiber on ul-
trasonic pulse velocity (UPV) in light and normal 
weight self-compacting concretes. In: IOP Confer-
ence Series: Materials Science and Engineering. 
Institute of Physics Publishing, 012081.

9.	 Al-Ridha, Ahmed S.D., Abbood, A.A., Atshan, A.F. 
2020. Assessment of the effect of replacing normal 
aggregate by porcelinite on the behaviour of layered 
steel fibrous self-compacting reinforced concrete 
slabs under uniform load. Journal of Engineering 
(United Kingdom) 2020.

10.	AL-Ridha, A.S.D., Abbood, A.A., Atshan, A.F., Hus-
sein, H.H., Dheyab, L.S., Mohialdeen, M.S., Ali, H.Z. 
2020. A comparative study between the individual, 
dual and triple addition of (S.F.), (T.G.P.) and (P.V.A.) 
for improving local gypsum (Juss) properties. In: 
Sustainable Civil Infrastructures. Springer Science 
and Business Media B.V., 65–79.

11.	Al-Ridha, A.S.D., Abbood, A.A., Hussein, F.M., 
Dheyab, L.S., Abdullah, E.L.N., Ali, E.H.Z., 

Mohialdeen, E.M.S., Abdulhussein, E.A.A., 2021. 
Effect of chopped sisal fiber (CSF) on enhancing 
the compressive strength of local plaster of paris 
(LPOP). In: Materials Today: Proceedings. Elsevier 
Ltd, 2575–2579.

12.	ASTM C472–99. 2014. Standard Test Methods for 
Physical Testing of Gypsum, Gypsum Plasters and 
Gypsum Concrete [WWW Document]. ASTM In-
ternational. URL https://standards.globalspec.com/
std/939628/astm-c472 (accessed 9.24.22).

13.	Beer, F.P., Ferdinand P., Johnston, E.R., Elwood R., 
DeWolf, J.T., Mazurek, D.F., David F., 2011. Statics 
and mechanics of materials. McGraw-Hill.

14.	Bentur, A., Kovler, K., Goldman, A. 1994. Gypsum 
of improved performance using blends with Port-
land cement and silica fume. Advances in Cement 
Research, 6, 109–116.

15.	Chairunnisa, N., Nurwidayati, R., Gusti Muham-
mad Madani, S. 2022. The effect of natural fiber 
(banana fiber) on the mechanical properties of self-
compacting concrete. Journal of Applied Engineer-
ing Science, 20, 331–338.

16.	Dêbska, B., Krasoñ, J., Lichołai, L. 2019. Design-
ing cement mortars modified with cork and rubber 
waste using theory of the experiment. Journal of 
Ecological Engineering, 20, 121–130.

17.	Deng, Y., Furuno, T., Uehara, T. 1998. Improvement 
on the properties of gypsum particleboard by add-
ing cement. Journal of Wood Science, 44, 98–102.

18.	Dhaheer, A., Mohammed, S., Ammash, H.K., Ha-
meed, K.K. 2018. Improvement of ordinary and 
pure gypsum properties by using polyvinyl alcohol 
(PVA). International Journal of Civil Engineering 
and Technology, 9, 323–334.

19.	Elaiwi, EH; Al-Chalabi, S.L.A.-A. 2020. Evaluating 
the performance of fibrous cement mortar contain-
ing chopped carbon fiber (CCF). IOP Conference 
Series: Materials Science and Engineering.

20.	Flores Medina, N., Barbero-Barrera, M.M., 2017. 
Mechanical and physical enhancement of gypsum 
composites through a synergic work of polypro-
pylene fiber and recycled isostatic graphite filler. 
Construction and Building Materials, 131, 165–177.

21.	Hernández-Olivares, F., Bollati, M.R., Del Rio, M., 
Parga-Landa, B. 1999. Development of cork-gyp-
sum composites for building applications. Construc-
tion and Building Materials, 13, 179–186.

22.	Joshi, R.C., Thomas, J.O., Adam, R.B. 1992. Proper-
ties of gypsum wallboards containing fly ash. Jour-
nal of Materials in Civil Engineering, 4, 212–225.

23.	Kittl, P., Galleguillos, E., Diaz, G. 1985. Properties 
of compacted copper fibre reinforced cement com-
posite. International Journal of Cement Composites 
and Lightweight Concrete, 7, 193–197.

24.	Li, G., Yu, Y., Zhao, Z., Li, J., Li, C. 2003. Properties 



154

Journal of Ecological Engineering 2023, 24(11), 148–154

study of cotton stalk fiber/gypsum composite. Ce-
ment and Concrete Research, 33, 43–46.

25.	Mucha, M., Mróz, P., Kocemba, A. 2016. Polymer 
composites based on gypsum matrix. In: AIP Con-
ference Proceedings. American Institute of Physics 
Inc., 020119.

26.	Murat, M., Attari, A. 1991. Modification of some 
physical properties of gypsum plaster by addition 
of clay minerals. Cement and Concrete Research, 
21, 378–387.

27.	Papageorgiou, A., Tzouvalas, G., Tsimas, S. 2005. 
Use of inorganic setting retarders in cement indus-
try. Cement and Concrete Composites, 27, 183–189.

28.	Rutkowska, G., Chalecki, M., Wichowski, P., Zwir-
ska, J., Barszcz, B., 2016. Influence of siliceous 
and calcareous fly-ashes on properties of cement 
mortars. Journal of Ecological Engineering, 17, 
280–288.

29.	Sanad, M.E.E., Combe, E.C., Grant, A.A. 1982. 
The use of additives to improve the mechanical 
properties of gypsum products. Journal of Dental 
Research, 61, 808–810.

30.	Singh, M., Garg, M. 1992. Glass fibre reinforced 
water-resistant gypsum-based composites. Cement 
and Concrete Composites, 14, 23–32.

31.	Strzałkowski, J., Garbalińska, H. 2019. The influ-
ence of silica fume on the mechanical and thermal 
parameters of portland cement concretes. Journal of 
Ecological Engineering, 20, 95–102.

32.	Wu, Y.-F., Dare, M.P. 2006. Flexural and shear 
strength of composite lintels in glass-fiber-rein-
forced gypsum wall constructions. Journal of Ma-
terials in Civil Engineering, 18, 415–423.

33.	Yıldızel, S.A., Çarbaş, S. 2018. Mechanical perfor-
mance comparison of glass and mono fibers added 
gypsum composites. Challenge Journal of Structural 
Mechanics, 4, 9.

34.	Yu, Q.L., Brouwers, H.J.H. 2011. Microstructure and 
mechanical properties of β-hemihydrate produced 
gypsum: An insight from its hydration process. Con-
struction and Building Materials, 25, 3149–3157.

35.	ZAl-Sarraf, S., S Al-Shaarbaf, I.A., Diab, D.S., 
2011. Effect of steel fiber on the behavior of deep 
beams with and without web opening. Tech. Journal.


