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Abstract
In this study, we are working on the valorisation of gold mining waste as coarse
aggregates in concrete. For this, we replaced the gneiss aggregates with the gold mining
waste in percentages of 25%, 50%, 75% and 100% and concrete were designated as MG0,
MG25, MG75, MG100, respectively. Workability, density, compressive and split tensile
strength tests was evaluated. Physio-chemicals tests (XRD, FTIR, TGA and HDSC) were
also carried out on concrete powders. The results of these tests show that the workability
increases with the percentage of addition of the gold mining waste while the density on a
reverse trajectory. The mechanical tests (compressive and splitting tensile strength) indicate
that the maximum of these quantities is obtained for the concrete MG50. XRD reveal the
presence of calcium carbonate in concrete MG50. FTIR results show improvement in
quality of concrete MG50.From the TGA and HDSC, analysis, it can assert that gravel
from mining waste can be used for concrete structures subjected to high temperatures.

Keywords: gold mining waste, mechanical properties, physico-chemical of concrete.

Strength and Physico-Chemical Analysis of concrete Produced with a Mixture of
Crushed Gneiss and Goldmining Waste as Coarse Aggregate

130

1. Introduction
The qualities of strength, ease of use and durability make concrete as the building material in
excellence. It can be defined as a tri-phasis material consisting of the cement matrix, aggregates and
transitional halo. However, if we focus on aggregates, we can note a positive role that is in general, to
increase the mechanical strength of concrete, reduce deferred deformations (creep, shrinkage,)
observed in the cement matrix and finally decrease the cost of the material. Nevertheless, its
introduction induces a halo of transition which affects (according to the nature of the aggregate) the
mechanical properties of the concrete. Due to the chemical reactions that occur over time between
limestones and cement paste, the transition zone in this type of concrete has better mechanical and
hydraulic properties than those made from siliceous aggregates [1]. However, overexploitation of these
aggregates combined with the administrative requirements observed in developing countries have, on
the one hand, led to higher prices and, on the other hand, the scarcity of this raw material in certain
localities [2-7]
One of the alternatives to this double problem is to totally or partially substitute conventional
aggregates in concrete with mining [8-11], coconut shells [12] and industrial waste [13-17]. The use of
these manufactured materials in concrete offers several advantages. First, we had a technical advantage
due to the improvement of the mechanical properties of concrete. Then, we have an economic
advantage of the total replacement of conventional aggregates which are very expensive by mining
waste and industrial less expensive. In the case of mining waste, several studies have been carried out
by the authors [8-11] on mining discharges produced in India. These authors studied the possibility of
inserting marble mining waste as a partial or total substitute in the production of concrete. They
obtained mechanical properties similar to conventional concrete. Kore et al [8], based on TGA and
ATD, show that the high temperature performance of concretes produced from marble mining was
better than conventional concretes.
These previous studies show that mine tailings can be used as a partial or total substitute in
concrete. However, its mechanical performance and thermal stability can vary from one type of
rejection to another. In this work, we discuss the use of gold mine tailings from the Betare-Oya gold
district in the eastern region of Cameroon.
These discharges result from the artisanal and semi-industrial activities practiced in this zone.
As a result of their gold recovery activity, these industries release more than 200,000 tonnes of mining
waste of different size each year into the wild. By following their cycle in the environment, they can be
found in water, soil, subsoil, fauna and flora and thus create barriers to the services rendered by these
environmental receptors to humanity. Given the large amount of stockpile of these mining waste today
(about 500 millions), the objective of this work is to help find a sustainable solution both for the
environmental problems generated by these companies and the need crucial to orient the actors towards
a plan of rehabilitation of the site.

2. Materials and Methods
2.1. Materials
For this study, we chose to manufacture the various concretes based on crushed gneiss, mining gold
waste, river sand, cement and water. The characteristics of the different materials are described below:
2.1.1. Cement
The cement used in this work is referenced CPJCEM II / A class 42.5 R. It is manufactured and
marketed in Cameroon by the company CIMAF's cement (Cement of Africa). Table 1 includes some of
its physical and mechanical properties.
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Table 1:

Physical and mechanical properties of cement

Retaining on
sieves (mm)
0.8

0.045

0.7

0.60

Physical characteristics
Specific
Apparent
Consistency
density
3
density(t/m )
(%)
(t/m3)
0.95

29

Mechanical characteristic
Specific
surface
(cm2/g)

3.14

3425

Expansion
(mm)
cold

heat

2

2

Compressive strength
(MPa)
2
days
25

7 days

28 days

35

45

2.1.2. Water
The water used is that of the drinking water distribution network of the city of Yaoundé.
2.1.3. Fine aggregate
The granular fraction of the sand used is 0/5. It is alluvial sand rolled from the river Sanaga along 918
km. This river is the main source of sand used for the manufacture of concrete in Cameroon. The main
features are shown in Table 2.
Table 2:

Physical properties of alluvial sand

Percentage of fine
aggregate (< 80µm)
0.3

Fineness
modulus
3.2

Piston sand
equivalent (%)
96.98

Apparent
density(g/cm3)
1.396

Specific
density (g/cm3)
2.601

Grain
shape
Rounded

Mineralogy
composition
99% of quartz

2.1.4. Coarse Aggregate
The choice of aggregates used for the manufacture of concrete is guided by the objective of this study
to estimate the influence of gold mining on the behavior of concrete. These are respectively crushed
aggregates from the Arab Contractor company which operates the gneiss massif located in Eloundem.
Its granular class is 5/15 and 15/25. Some of these properties are contained in Table 3 and Figure 1.
Figure 1: Crushed gneiss from quarry

Crushed gneiss, 5/15

Table 3:

Crushed gneiss, 15/25

Properties of crushed gneiss
Physicals properties

Crushed
gneiss

Apparent
density
(g/m3)

Density
(g/m3)

Gravel 5/15
Gravel15/25

1.47
1.48

2.7
2.7

Water
Absorption
(%) by
weight
0.6
0.6

Mechanicals properties

Shape and texture

Los
Angeles

MicroDeval
coefficient

Flatness
coefficient
(%)

shape

texture

28
28

16
18

10.18
14.46

angular
Angular

rough
rough
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The second coarse aggregate is gold mining waste. It comes from artisanal and small gold
mining. The quantity of mining waste is estimated to 500 million of tones.
Figure 2 shows piles of waste mining stored on the site and Figure 3 presents the coarse
aggregates coming from waste mining. The characteristics of these gold mining wastes are summarized
in Table 4.
Figure 2: Deposit of gold mining waste

Figure 3: Gold mining waste

Table 4:

Properties of gold mining watse

Properties
Finesses modulus
Mining gold wastes 10/14
Los-Angeles coefficient
Mining gold watse 10/25
Micro-Devalcoefficient
Mining gold wastesl 10/14
Apparent density
Mining gold wastes10/14
Specific density
Mining gold wastes10/25
Mining gold wastes
Flatness coefficient (%)
Mining gold wastes10/25
Shape
Mining watse
Texture
Mining watse
Water Absorption (%)
Gold Mining watse
by weight
Mineralogy composition

Gold Mining waste

Results
3 .40
39 .00
37.70
5.40
1.57
2.63
2.65
23
9
rounded
smooth
0.04
88% of quartz 7%
of calcite, 2% of
anorthide and 3%
of dickide

Used standard
NF P 18-561
NF P 18-573
NF P 18-573
NF P 18-572
NF P 18-554
NF P 18-554
NF P 18-554
NF EN 933-3
NF EN 933-3

Standard specify
Up to standard
Up to standard
Up to standard
Up to standard
Up to standard
Up to standard
Up to standard
Up to standard
Up to standard
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2.1.5. Granulometric Characteristics
The particle size represents the size distribution of the aggregates used in a given concrete. This
distribution must allow a reduction of the volume of the voids and an optimization of the compactness
of the concrete. Granulometric analysis of the different aggregates and river sand is done according to
XP P 18-545. The results of the granulometrical analyses of the three categories of aggregates are
shown in Figure 4.
Figure 4: Sieves analysis of different coarse aggregate and river sand
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71,00

56,00

45,00

35,50

28,00

22,40

18,00

14,00

11,20

9,000

7,100

5,600

4,500

2,800

3,550

2,240

1,800

1,400

1,120

0,900

0,710

0,560

0,450

0,355

0,280

0,224

0,180

0,140

0,112

Sieves

0,090

Sieve analysis

Passing( %)

90
80
70
60
Gneiss 5/15
50

Gneiss 15/25

40

River gravel 6,5/14
River gravel 14/25

30

Alluvial sand

20
10

16,00

20,00

25,00

31,50

40,00

50,00

63,00

80,00

43

44

45

46

47

48

49

50

2,500
35

12,50

2,000
34

42

1,600
33

10,00

1,250
32

41

1,000
31

8,000

0,800
30

40

0,630
29

6,300

0,500
28

39

0,400
27

5,000

0,315
26

4,000

0,250
25

37

0,200
24

38

0,160
23

3,150

0,125
22

36

0,080
0,100
20
21

Sieves

0

2.2. Method
2.2.1. Details of Concrete Mix
The laboratory procedure in this investigation focused on five mixes. These mixes were designated by
the grade of gold mining. Mixes incorporating 0% gold from mining waste denoted (100% crushed
gneiss), 50% of gold mining waste (50% crushed gneiss), 75% of gold mining waste (25% crushed
gneiss),100% gold mining waste (0% crushed gneiss), were designated as MG0, MG25, MG75,
MG100,respectively.The resultant mixture compositions are shown in the Table 5.
Table 5:

Mix designation with mixture compositions

Concrete type
MG0
MG25
MG50
MG75
MG100

% of crushed gneiss
100
75
50
25
0

Replacement of gneiss by the gold mining waste(%)
0
25
50
75
100

2.2.3. Composition Study
The concrete specimens were made with a water-cement ratio of 0.5. The composition of the mixture
was made using the method of Dreux et al., 1998 [18] and the compositions are shown in Table 6.
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Table 6:

Compositions of the different concretes tested (1m3)
Ratio
(water/cement)

Mass of components (kg/m3)
Concrete type
MG0
MGG25
MGG50
MG75
MGG100
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Cement

Alluvial sand

350
350
350
350
350

730.08
730.08
730.08
730.08
730.08

Crushed gneiss
5/15
15/25
265.356
871.884
199.017
653.913
132.678
435.942
66.339
217.971
0
0

Gold mining waste
6.25/14
14/25
0
0
66.339
217.971
132.678
435.942
199.017
653.913
265.356
871.884

W/C
0.5
0.5
0.5
0.5
0.5

3. Results and Discussion
3.2. Tests on Fresh Concrete
Fresh concrete has been characterized by workability and density.
3.2.1. Workability of Concrete
The variation in the slump values of different mix in shown in Figure 5. From this Figure, it has been
observed that workability increases with addition of mining gold waste in concrete mixes. Three
reasons can be invoke to explain this result. The first reason is that, the water absorption of gold
mining waste is less than that of conventional coarse aggregate. The second reason is due to the grain
form and their texture. In fact, the gold mining waste has smooth areas and round shaped whereas
conventional aggregates have rough areas and angular shaped. In the literature, the round shaped
aggregates are more workable than that of angular shaped aggregates [19].
The last reason is link to the flattening coefficient. The gold mining waste has a better
flattening coefficient than the conventional aggregates one.
Figure.5: Workability of concrete

7

Slump (cm)

6

5

5.2

5.5

MG0

MG25

MG50

6

6.5

5
4
3
2
1
0
MG75

MG100

Mix Design

3.2.2. Density of Concrete
The density test was carried out in accordance with standard NF EN 12350-6, 1999. Figure 6 shows
the evolution of density as function of the percentage of addition of the gold mining waste.
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Figure 6: Density of concrete

Density(g/cm3)
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2.56

2.55

2.51
2.48
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2.45
2.45
2.4
2.35
MGG0

MGG25

MG50

MG75

MGG100

Mix Design

From the figure 7, it has been observed that density decrease with addition of gold mining
waste in concrete mixes. This increase in the density with the gold mining waste was attributed to the
low specific density characteristic of mining gold waste.
3.3. Tests on Hardened Concrete
The mechanical behaviour of hardened concretes has been characterized by compressive strength and
split tensile strength.
3.3.1. Compressive Strength
Compressive strength can be considered as the essential property of concrete. It was measured
according to the standard (NF P 18 406). Figure 7 shows the machine that we used for compressive
test. Compressive strength was measured on concrete at 7 and 28 days. The results obtained were
processed and presented in figure8.
Figure 7: Testing of cylinder specimens in compression
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Figure 8: Compressive strength of various concrete Mixes at different ages
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5
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From the figure 8, it has been observed that compressive strength increase with time. This show
that no matter what is the rate of substitution, the gold mining waste has not forbid the hardening of
concrete.
For the formulations at 25 and 50 % of substitution, the results show an increase of
compressive strength no matter the age of concrete. By focusing on compressive strength at 28 days, it
has been observed a gain of 2, 68 and 8, 65% respectively for the MG25 and MG50 concrete. Beyond
the substitution rate of 50%, it has been observed a decrease of compressive strength concerning the
rate of substitution no matter the age of concrete. The loss of compressive strength at 28 days is
respectively10, 13% and 16, 54% for MG75 and MG100. However, no matter what is the rate of
substitution, the losses of compressive strength are more than 25%.
The loss of compressive strength observed beyond the substitution rate of 50% could be explain
by the gold mining waste. In fact, the gold mining waste has a regular form. This regularity of form
doesn’t allow closing the irregular pores of concrete.
Looking at the results, it has been observed that the MG50 concrete present the most higtly
compressive strength no matter the age of concrete. These values of compressive strength are 14, 63
and 23, 59 Mpa respectively at 7 and 28 days.
To explain this situation, two reasons can be invoked. The first cause is the mixage of the two
different forms. In fact, the gold mining wastes have round forms and regular while the gneiss
aggregates have angular and irregular form. The gold mining waste will occupy the regular space of
concrete while conventional aggregates will occupy irragulates pores. The second reason is that, the
gold mining waste contains a little quantity of calcite. This calcite mineral could react with the cement
and increase then the resistance at the compression.
3.3.1. Split tensile strength
The tensile strength of concrete was determined indirectly using the split strength test (Figure 9). The
indirect test is widely accepted test method to determine the tensile strength of concrete given the
difficulty and variability associated with the tensile test. The split-cylinder strength was determined by
testing thirty cylinders. Fifteen cylinders tested at 7 days and fifteen cylinders were tested at 28 days.
The split-cylinder tensile strength was determined using equation (1):
2P
σt = Mൗ(πDL)
(1)
The average of split-tensile strength at 7 and 28 days of the concrete compositions are plotted in
Figure 10.
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Figure 9: Testing of cylindrical specimens in splitting tensile

Figure 10: Split tensile strength of various concrete at different ages

From the figure 10, it has been observed that split tensile strength increase up to 50% with the
substitution’s rate of conventional aggregates no matter the age of the different concretes. Beyong this
value, the split tensile strength fall. Comparatively to relative results at the compressive strength, it
come out that the values of split tensile strengths are littler than those observe in compressive strength.
This result show that the ordinary concrete involves very badly in split tensile strength.
The gain of split tensile obtain for the MG25 and MG50 hardened concrete at 28 days are
respectively 2,65 and 8, 67%. The decrease of split tensile strength register for the MG75 and MG100
concrete aged of 28 days is respectively 10, 09 and 16, 46%. However the smallest values of split
tensile strength obtain stay more than 25%.
3.4. X-ray Diffraction (XRD)
Given the results obtained on the mechanical performance of the various concretes. We wanted to
know a little more why the concrete MG50 has better compressive strengths. We made the choice to
investigate through DRX. This method makes it possible to identify the minerals that are not always
possible by the thin sections. The results are shown in Figures 11 and 12.
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Figure 11: XRD of concrete mixes MG0

Figure 12: XRD of concrete mixes MG50

It is observed that, the concrete MG50 contains calcite. These minerals were not observed in
MG0. The presence of calcite improves the bond between aggregate and cement paste and by
consequence increase the compressive strength of concrete MG50.This result was also reported by
Kore et al. [8].
3.5. Fourier Transform Infrared Spectroscopy (FTIR)
Fourier transform Infrared spectroscopy is a tool for determination of molecular structure. In this paper
it is used to identify the bond type. The Figure 13 and 14 have shown the results of the analysis done
by FTIR.
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Figure13: FTIR for concrete MG0

Figure14: FTIR for concrete MG50

From figure 13 and 14,
14, we observed most
most absorbance peak. The table 7 summarize the
characteristic peaks of interest.
Table 7:

Characteristic peaks of interest

Wave number (cm-11)
3000-3900,
3900, 1684 1659
852, 890–1079
1079
797,777 , 450–650
450
710,872,1410,1324
710,872,1410,1324-1576

Description
O-H
H , Ca(OH)2
Si-O
O , CC S-H
Si-O-Si;
Si; SiO2
C=O ,CaCO3

Bond Type
Strong
Strong
Strong
Very Strong

Number of peak
MG0
MG50
9
12
2
2
2
4
2
3

References
[21] [22]
[21] [22]
[21] [22]
[21] [22]

From the table 7,
7, calcium hydroxide, calcium silicate hydrate quartz and calcite are present.
The FTIR spectra measured show for MG50 show the presence of a lot of calcium carbonate and
quartz. Calcium carbonate is known to improve the aggregates-cement
aggregates cement paste
paste bond.
Then we can thin that the gravel from gold mining waste contains the calcium Carbone. This
mineral improves the compressive strength of MG50.
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3.6. TAG and (HDSC) analysis
The use of concrete for structures intended to house people is governed by fire safety measures. Thus
for construction industries, beyond the mechanical performance of concrete, it is also important to
know their behaviour in the face of fires. The TGA coupled with the HDSC are characterization
techniques to fulfil this desire. In the case of our work, we carried out this investigation on the MG50
and MG0 concrete powders. This approach allows us to know if our gravel from mining waste can be
used in concrete subjected to high temperatures. The results obtained are shown in Figures 15 and 16.
Figure 15: TAG and HDSC of concrete MG0.

Figure 16: TAG and HDSC of concrete MG50

In figures 15 and 16, it has been observed three mass changes in all concrete mix. The mass
variation in concrete mix MG0 are-8,55%,-1,18%,-3,59% and for concrete mix MG50 are -8,10%,1,47% ,-2,65% at temperatures range of 60-150°C, 150-550°C and 550- 900°C. All the concretes
present the weak loss mass. However the concrete mix MG50 shows better rate loss mass at
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temperatures range of 60-150°C and 550- 900°C. At these range, MG50 has better mechanical
performance than MG0.
In figures 15 and 16, six endothermic peaks for both concrete mixes MG50 and MG0was
observed. The endothermic peaks for MG0 concrete is carried out at temperature 63°C,128°C, 456°C,
640°C and 787°C and for MG50 concrete are 59°C,91°C,455°C,570°C and 822°C.
For the concrete mix MG50, the first endothermic peak was observed at 63°C when for
MG50concrete; it was observed at 59°C. The results show that MG0 has most free water than
MG50.Overall the results of this analysis show that, concrete mix MG50 shows the better performance
under elevated temperature than conventional concrete MG50.Then gold mining waste could be used
in concrete at elevated temperature.

4. Conclusions
Based on the experimental study undertaken the following conclusion are drawn.
1. The slump value increases with the increase in percentage of gold mining waste in the concrete
mix.
2. The bulk density value decrease when the percentage of gold mining waste increases in the
concrete mix.
3. The maximum compressive strength was achieved with 50% replacement of crushed gneiss by
gold mining waste.
4. The maximum split tensile strength was achieved with 50% replacement of crushed gneiss by
gold mining waste.
5. The analysis from DRX reveals the presence of calcite in MG50 which justifies the high
performance of this concrete.
6. From the FTIR analysis, it was confirmed that, MG50 exhibit stronger bond as compared to
MG0.
7. Thermo gravimetric (TGA) analysis revels that MG50 was better loss mass than MG0 at
elevated temperature.
8. HDSC show that MG0 and MG50 have a same number of endothermic peaks and MG0 has
most free water than MG50.
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