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���� ���! Compaction and Portland cement addition are amongst promising ground 

improvement procedures to enhance the mechanical properties of gold tailings. The present 

investigation intends to compute the impact of Portland cement content and dry density on the 

properties (durability, stiffness and strength) of compacted gold tailings)cement mixes. Its 

main significant addition to knowledge is quantifying the accumulated loss of mass (ALM) 

after wet/dry cycles, shear modulus at small strains and unconfined compressive strength (qu) 

as a function of the porosity/cement index. In addition, the existence of an exclusive relation 

connecting accumulated loss of mass divided by the number of wetting/drying cycles and 

porosity/cement index is revealed empirically. This broadens the applicability of such index 

by demonstrating it controls not only mechanical but also endurance performance of 

compacted gold tailings)Portland cement mixes. 
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A major environmental disaster occurred in southeast of Brazil in November 2015 with 

the failure of an iron ore tailings dam, containing 62 million cubic meters of iron ore fine)

grained tailings (Agurto)Detzel et al. 2016). This disaster claimed the lives of dozens of 

people and contaminated the whole Doce river basin (destroying its regional ecosystem for 

about 500 km of length, until reaching the Atlantic Ocean) (Escobar 2015). In order to reduce 

the possibility of similar tragedies in the future, several measures have been studied to deal 

with the source of such problem. For one side, looking at reducing the liquefaction potential 

of the tailings already impounded behind tailings dams, taking measures to increase the safety, 

such as the use of ground improvement techniques to reduce tailings void ratio (Kumar 2001). 

On the other side, studies are focusing on its use as a composition material for the 

construction of compacted embankments, sub)base of pavements and mining backfill (e.g., 

Fahey et al. 2009; Consoli et al. 2008, 2009; Helinski et al. 2011). This study falls in the latter 

group. It aims to examine the mechanical behaviour of tailings to assess its potential for use as 

a sub)base material for low volume road when combined with Portland cement and compacted 

properly.  

Understanding tailings management techniques is of fundamental interest for engineers 

and researchers who aim to utilise tailings as a construction material. Several researchers have 

discussed the features of different management techniques. According to the Ministerial 

Council on Mineral and Petroleum Resources and the Mineral Councils of Australia, there are 

nine key principles for effective mine tailings management, including the adoption of a risk)

based approach, minimizing tailings production and maximizing tailings reuse, and 

considering relevant economic, environmental and social aspects (MCPR and MCA 2003). 

That publication includes detailed discussion on implementation and operation of mine 

tailings, including procedures, monitoring and audit programs. In addition, DTIR (2007) 

examines other aspects of the life of mine such as planning and design, construction, 

operation and closure planning. Despite the relevance of the existing studies on tailings 

management, further development tools such as environmental and social impact assessment 

are necessary since these aspects are not currently covered by most of the publications 

(Chryss et al. 2012; Nguyen et al. 2014; McLellan et al. 2009). Currently, most mines apply a 

conventional method that consists of disposing tailings by transporting slurry through pipes 

into a tailings storage facility (TSF) or a tailings dam (Adiansyah et al. 2015). Although this 

method requires a high amount of water and is not eco)friendly, it is widely employed because 
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of its cost effectiveness (Adiansyah et al. 2015). Boger et al. (2012), Fourie (2012) and 

Moolman and Vietti (2012) claim that the implementation of new techniques such as 

thickened tailings (TT) and tailings paste (TP) technologies is capable of reducing future cost 

of mining rehabilitation and maintenance. Additionally, Boger (2011) affirms that these 

technologies increase the mine liability and hence the susceptibility to environmental 

damages. 

In order to assess the use of tailings as construction material, strength tests are usually 

employed as a way to examine the influence of diverse variables on artificially cemented soil 

behaviour. A logical dose procedure for soil)Portland cement was created by Consoli et al. 

(2007) taking into consideration the porosity/cement index as a proper parameter to assess 

strength (qu) of soil)Portland cement mixes. Yet, so far no research has examined the 

applicability of the porosity/cement index (η/Civ) for compacted tailings)cement mixes in 

terms of loss of mass after dry/wet cycles to check durability, strength (qu) and shear modulus 

at small strains. This study targets to determine straight relations between η/Civ and 

accumulated loss of mass after wetting/drying cycles (durability), shear modulus and qu for 

compacted gold tailings)cement mixes.  

Accordingly, key issues for earthwork projects employing compacted gold tailings)

cement blends that continue without a response are: Are the usual quantities of Portland 

cement and compaction energy ordinarily employed adequate to produce the requisite 

durability, stiffness and strength improvements? Are there single relations for the compacted 

gold tailings)cement mixes relating shear modulus and qu with η/Civ? Are there relations for 

the compacted gold tailings)cement mixes connecting accumulated loss of mass with η/Civ 

after distinct wetting)drying cycles (during durability tests)? What about the existence of an 

exclusive correlation coupling accumulated loss of mass divided by number of cycles and 

adjusted porosity/cement index after wetting)drying cycles during durability tests? This 

research intends at addressing these issues. 

���&� $%#��

Durability can be stated as the capability of a material to maintain stability and integrity 

over large periods of exposure to the detrimental weathering (Dempsey and Thompson 1968). 

This property, as well as strength, is one of the important engineering properties of cemented 

mixes. Thus studies have been carried out to evaluate the durability of soil)cement mixtures, 
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most of them (e.g., Starcher et al. 2016; Jamshidi et al. 2016) centered on two ASTM 

standards: wetting and drying (ASTM 2015) and freezing and thawing (ASTM 2013a). 

Shihata and Baghdadi (2001) immersed sets of silty sand)cement specimens in saline 

water for different durations prior to running 12 wetting)drying cycles followed by brushing 

strokes. The authors found that soils with larger amounts of fines presented higher weight loss 

values in such tests. They also observed a close relationship between percent mass loss and 

reduction of unconfined compressive strength after the cycles. 

Zhang and Tao (2008) performed durability tests in low plastic silty clay stabilized with 

cement. The authors observed that the mass loss decreased with the increase in cement 

contents, but increased with the increase of water)cement ratio.  

Gutschik (1978), Kelley (1988) and Cuisinier et al. (2012) showed qualitatively that the 

efficiency of lime treatment could be damaged by the alternation of wet/dry cycles in the long 

term. Such behaviour was also observed by Cuisinier et al. (2014). The latter authors also 

observed significant irreversible shrinkage strains at the end of the first cycle for lime treated 

clays. A dramatic decrease in yield stress brought by a loss of the lime cementation bonding 

was also evidenced after the first cycle. 

Theivakularatnam and Gnanendran (2015) observed that the accelerated reaction of 

binders due to increasing temperature masked the detrimental effect of the wet)dry cycles. 

Avirneni et al. (2016) assessed the durability of reclaimed asphalt pavements (RAP) 

mixed with fly ash and sodium hydroxide (NaOH). It was observed that for high RAP and low 

NaOH contents (for the same fly ash amounts) the weight loss is high. 

Jamshidi et al. (2016) investigated the performance and structural changes in cement)

treated soils under influence of freeze/thaw exposure. 

Additionally, the use of tailings as construction material has been assessed by several 

researchers, especially as partial substitute of cement. Onuaguluchi and Eren (2012) employed 

copper tailings as a cement replacement material in cement pastes, mortars and concretes. 

These studies showed that the incorporation of tailings at 0% to 15% cement substitution 

levels (by mass) maintained both compressive and tensile strengths at similar levels respect to 

those of the control specimens. Concerning the durability of these materials, the loss of mass 

was shown to slightly reduce with the incorporation of copper tailings. Thomas et al. (2013) 

also analysed strength and durability of copper tailing concrete. However, these researchers 

employed this solid waste material as a substitute to natural sand. An increase in the 

compressive strength (90 day strength) with respect to the regular concrete was observed till 

40% substitution when the water)cement ratio was 0.4. The durability risk rating of copper 
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tailing concrete, assessed through water and air permeability, was shown to be medium, 

comparable to normal concrete. Taha et al. (2016) produced eco)friendly fired bricks using 

coal mine wastes. The addition of coal mine waste increased flexural strength and decreased 

water absorption and open porosity of fire bricks. Moreover, it was shown that the 

manufacturing process of coal mine bricks reduced the amount of greenhouse gas (GHG) 

emissions by more than 70% in comparison to normal fired bricks. Similar research conducted 

by Ahmari and Zhang (2012) showed that copper tailing bricks produced with a 

geopolymerization technique satisfy the physical and mechanical properties for their use in 

constructions. Concerning the use of tailings in actual field conditions, Argane et al. (2014) 

presented a case study in Moroccan constructions, where low sulfide tailings (LST) were 

mixed to rendering mortars. The authors showed that the leaching of metals was significantly 

lowered after incorporation of LST in renders. On the other hand, the addition of LST to 

renders lowered their resistance to wetting)drying cycles. 

Despite all the previous work on the durability of several materials, additional research 

concerning such aspect of tailings)cement blends is yet to be developed. A few authors have 

analyzed other characteristics of compacted gold tailings)Portland cement mixes. Mitchell and 

Wong (1982) carried out unconfined compressive strength tests of various cemented tailings 

and observed that unconfined strengths increase with increased cement content, decreased 

porosity and decreased curing humidity. The authors also proposed a relation between UCS 

and the failure envelope defined by cohesion intercept (c) and friction angle (ϕ). Additionally, 

Fall et al. (2008) performed an extensive set of tests on cemented paste backfill (CPB) in 

order to assess the main aspects controlling its behaviour. It was found that tailings grain size 

and density, as well as water)cement ratio were the main factors controlling CPB properties. 

'()' "�'#��*�) $� ���

The materials and methods used in the present research are discussed below. 

����������

The gold tailings physical properties are displayed in Table 1. The gold tailings utilized 

in the testing were taken from a tailings disposal site situated in northern Brazil, being 

classified (ASTM 2006) as silt with sand (ML). Gold tailings mineralogical characterization, 
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using a X)ray diffractometer, detected the presence of seven compounds (Fig. 1): silicon oxide 

[SiO2], arsenic iron [AsFe], arsenic oxide [As2O3], manganese hydroxide [Mn(OH)2], iron 

arsenate [FeAsO4], sulfur (S), and thiourea iron thiocyanate [Fe(SC(NH2)2)2(NCS)2]. 

Regarding the chemical composition of the studied gold tailings, the following elements were 

found: silicon (Si), iron (Fe), manganese (Mn), sulfur (S) and arsenic (As), amongst others. 

High early strength (Type III) Portland cement (ASTM 2016) was used throughout this 

investigation. Its rapid strength gain permitted selecting seven days as the curing period. 

Cement grains’ specific gravity is 3.15. 

 

Distilled water was employed both for characterization tests and moulding specimens 

for the mechanical tests. 

�������

Moulding and Curing of Specimens 

For strength (unconfined compression) tests, cylindrical specimens 50 mm diameter and 

100 mm in length were employed. For durability (wetting and drying) and stiffness (ultrasonic 

pulse velocity) tests, cylindrical specimens 100 mm diameter and 127.3 mm from top to 

bottom were utilized. A target dry density for a particular specimen was then instituted as a 

result of the dry compacted gold tailings)Portland cement mix divided by the total volume of 

the specimen (ASTM 2009). As exhibited in Eq. (1) (Consoli et al. 2011), porosity (η) is a 

function of dry density (γd) of the mix and Portland cement content (C). Each substance (gold 

tailings and Portland cement) has a unit weight of solids (γsGT and γsC), which also must be 

measured for computing porosity. 
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Once the gold tailings and Portland cement were weighed, they were blended until the 

mix attained visual uniformity. Moisture content of 17% (optimum moisture content for 

standard Proctor compaction effort – see Table 1) for the gold tailings)Portland cement blends 
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was then supplemented, and mixing was resumed until a paste, homogeneous in appearance, 

was produced. The quantity of Portland cement for each blend was determined based on the 

mass of dry gold tailings. Hence the mixture proportions (cement: tailings) are: 1:33.3 

(specimens with 3% C); 1:20.0 (specimens with 5% C) and 1:14.3 (specimens with 7% C). 

Specimens were statically compacted in 3 stratums in the interior of a cylindrical mould. 

Subsequently to moulding, specimens were removed from the moulds and their weights, 

diameters and heights measured with precisions of nearly 0.01 g and 0.1 mm, 

correspondingly. The specimens were cured in a humid room at 23º±2ºC and relative moisture 

of about 95% (ASTM 2013b). 

Unconfined Compression Tests  

Compression tests followed standard ASTM C 39 (ASTM 2010). Before testing, specimens 

were put underwater for 24 h to reduce suction (Consoli et al. 2011). Specimens were 

moulded with 17% of moisture content, dry densities of 17 kN/m3, 16 kN/m3 and 15 kN/m3 

(maximum dry unit weight for standard Proctor compaction effort – see Table 1, and other 

two values below), Portland cement contents of 3%, 5% and 7% [determined following 

international (Mitchell 1981) and Brazilian (Consoli et al. 2007, 2009, 2016) experience with 

soil–cement] and cured for 7 days.  

Pulse Velocity Tests and Ultrasonic Elastic Parameters 

Elastic parameters of artificially cemented fine)grained gold tailings at tiny 

deformations may be acquired carrying out ultrasonic pulse velocity tests following standard 

ASTM D2845 (ASTM 2008). Transducers are attached to the two extremes of the specimens 

using a coupler gel. Specimens were moulded with three different dry densities (15 kN/m3, 16 

kN/m3 and 17 kN/m3), three distinct early strength Portland cement contents (3%, 5% and 

7%), moisture content of about 17%, and cured for 7 days.  

Durability Tests 

Durability (wetting)drying cycles) tests of compacted gold tailings)Portland cement 

mixtures were completed according to standard ASTM D 559 (ASTM 2015). Test procedures 
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determine mass losses produced by recurrent (12) wet)dry series. Every cycle begins by oven 

drying through 42 h at 71o±2oC. Following, specimens are brushed a number of times using a 

force of approximately 15 N. Lastly, specimens are put underwater for 5 h at 23o±2oC. Tests 

were performed on the same specimens moulded for pulse velocity tests. 

 '�%*���

Influence of the Porosity/Cement Index on qu 

Figure 2 portrays qu as a function of η/(Civ)
0.28 [stated as porosity (η) divided by the 

volumetric cement content (Civ), the latter expressed as a percentage of cement volume to the 

total volume of the gold tailings)Portland cement mixes (Consoli et al. 2007, 2016) for the 

curing period studied (7 days). Fig. 2 indicates that the adjusted porosity/cement index is 

helpful in normalizing strength results for gold tailings)Portland cement mixtures. A very 

good correlation (R2=0.98) exists between η/(Civ)
0.28 and qu of the gold tailings)Portland 

cement mixtures studied.  

19.4

28.0
91052.2)(

−









=

iv

u
C

xkPaq
η

                                                                                            (2) 

The capability of the adjusted porosity/cement index to normalize strength of cement 

treated soils has been shown by Consoli et al. (2007, 2016). They have shown that rates of 

change of strength with porosity (η) and the inverse of the volumetric cement content (1/Civ) 

are as a rule not the same. Thus, the application of a power (as a rule 0.28 – Consoli et al. 

2016) to Civ is required for the rates of η and 1/Civ to be compatible.  

Influence of the Porosity/Cement Index on Initial Shear Modulus (G0) 

An analysis, analogous to the one done for compressive strength, was also performed for G0 

(Fig. 3). Results show that η/(Civ)
0.28 correlates well with G0 for compacted gold tailings)

Portland cement mixes (Fig. 3). A sound correlation (R2=0.95) is detected concerning 

η/(Civ)
0.28 and G0 of the compacted gold tailings)Portland cement mixtures considered, 

reflecting 7 days of curing [Eq. (3)].  
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Influence of the Cement Content, Porosity and Porosity/Cement Index on Durability (wetting 

and drying cycles) of Compacted Gold Tailings+Cement Blends 

Figure 4 shows loss of mass as a function of the number of wetting)drying cycles. Gold 

tailings)Portland cement blends with distinct dry unit weights (15, 16 and 17 kN/m³) and 

cement contents (3, 5 and 7%), after a 7)day curing period, are included in Figure 4. X)Ray 

diffraction analysis of the studied gold tailings detected the presence of sulfur (S), which 

could cause deleterious effects on the Portland cement)tailings blends. On the other hand, it is 

possible to observe in Fig. 4 the constancy of the loss of mass of each specific specimen, after 

brushing following wet)dry cycles, for all 12 cycles. It can also be seen that the representative 

loss of mass of each specimen is reduced with increasing cement contents and dry unit 

weights. A conceivable inference is that in present case study, possible expansive minerals 

formed by sulfur in an alkaline environment were suppressed by the formation of strong 

cementitious bonds. 

Furthermore, Fig. 5 presents relations of accumulated loss of mass versus number of 

wetting/drying cycles for compacted gold tailings)Portland cement mixes (for a curing period 

of 7 days) in view of distinctive dry unit weights (15, 16 and 17 kN/m3) and cement contents 

(3, 5 and 7%). It is quite clear that increasing both the amount of cement and the dry unit 

weight enhances the durability of the compacted gold tailings)Portland cement blends.  

Figure 6 exhibits compacted gold tailings)Portland cement blends accumulated loss of 

mass (ALM) versus adjusted porosity/cement index [η/(Civ)
0.28] after 3 [Eq. (4) – R2=0.99], 6 

[Eq. (5) – R2=0.98],  9 [Eq. (6) – R2=0.98] and 12 [Eq. (7) – R2=0.97] wet)dry cycles (during 

durability tests).  This relationship has not been shown in the literature for any artificially 

cemented materials. 
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It is clear that the accumulated loss of mass is correlated to by η/(Civ)
0.28 for all cycles. 

It is worth noting that the curves diverge for higher values of the adjusted porosity/cement 

index. This trend seems reasonable as the loss of mass in each cycle is more pronounced for 

specimens with higher porosities and lower cement contents, as shown in Figs. 4 and 5. 

In order to further normalize the durability results, compacted gold tailings)Portland 

cement blends accumulated loss of mass for 3, 6, 9 and 12 cycles are divided by number of 

cycles and plotted versus adjusted porosity/cement index (see Fig. 7). A unique relationship 

(R2=0.98) linking accumulated loss of mass divided by number of cycles (ALM/NC) and 

adjusted porosity/cement index [η/(Civ)
0.28] after distinct wet)dry cycles is found [see Eq. (8)]. 

So, it can be demonstrated, for the first time ever, that the porosity/cement index is also a 

predictor of the durability of compacted gold tailings)Portland cement blends. 

03.6

28.0

101048.6(%) 
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x
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ALM η
                              (8) 

In the end of wet)dry durability cycles 3, 6, 9 and 12 cycles the shear modulus of 

artificially cemented fine)grained gold tailings at tiny deformations was also measured 

through ultrasonic pulse velocity tests. Fig. 8 presents shear modulus (Gmax) variation 

according to wet)dry cycle during durability tests for gold tailings)Portland cement blends 

considering distinct dry unit weight (15, 16 and 17 kN/m3) and cement content (3, 5 and 7%). 

Similarly to loss of mass after each studied cycle, it is possible to observe in Fig. 8 that the 

shear modulus of each specific specimen increases with an increase in the of cement content 

and with an increase in dry unit weight. Another fact that points out similar trends between 

loss of mass and shear modulus is that specimens with γd=15 kN/m3 and C=5% show a similar 

behaviour respect to those specimens with γd=17 kN/m3 and C=3% regarding loss of mass 

versus number of cycles (Fig. 4) and Gmax versus number of cycles (Fig. 8) . Such similar 

behavior can be explained by the fact that these specimens have similar porosity/cement 

indexes [η/(Civ)
0.28 ≈ 38 for the first and η/(Civ)

0.28 ≈ 36 for the latter]. Similar trends in the 

performance of Gmax and loss of mass for specific cycles denote that there might be a link 

between Gmax and the average loss of mass (LM) of specific wet)dry cycles. To check possible 
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links among them, Gmax and loss of mass are plotted against each other, Gmax versus LM for 

third and twelfth cycles (see Fig. 9). Fair linear relations are obtained for third cycle (R2=0.97) 

[see Eq. (9)] and twelfth cycle (R2=0.96) [see Eq. (10)]. Further studies considering distinct 

tailings and cements are necessary in order to define possible trends that might be used to 

determine durability through Gmax measurements instead of loss of mass (the latter 

considerably time consuming and whose results might vary to the skills of the operator). 

Gmax (MPa) = )16,339 x LM(%) + 1,381                                            (9) 

Gmax (MPa) = )11,020 x LM(%) + 788                                                        (10) 

Finally, a plot of accumulated loss of mass (ALM) (wetting and drying durability at 3, 

6, 9 and 12 cycles) versus unconfined compressive strength (qu) for gold tailings)Portland 

cement blends is presented in Fig. 10. The relations ALM vs. qu found for each distinct 

wetting and drying durability cycle (3 [Eq. (11)], 6 [Eq. (12)], 9 [Eq. (13)] and 12 [Eq. (14)] 

cycles) have the same power function shape and high correlations (R2=0.98), differing just in 

a scalar that increases with increasing durability cycle.   

( ) 58.151053.1% −×= uqALM                                                                   (11) 

( ) 58.151010.3% −×= uqALM                                                  (12) 

( ) 58.151067.4% −×= uqALM                                                  (13) 

( ) 58.151005.6% −×= uqALM                                                         (14) 

These relations may enable researchers to reduce time in assessing durability of such 

blends, as wetting)drying durability tests (ASTM 2015) require at least 24 days to be 

concluded after curing. 

�$#�*%�"#�� '�� &��

From the studies described in this document the succeeding conclusions can be drawn:  

 

•� Unconfined compressive strength of compacted gold tailings – Portland cement 

mixes was shown to have good relation with the adjusted porosity/cement index 

[η/(Civ)
0.28]. This relationship and the exponent 0.28 are compatible with 

previous studies on fine)grained soils mixed with cement (e.g. Consoli et al. 
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2016), but for the first time this it is shown to be useful for mine tailings 

compressive strength; 

•� The accumulated loss of mass (ALM) (durability quantification) of individual 

wetting/drying cycles of compacted gold tailings – Portland cement mixes were 

originally perceived in present research to be directly associated with the 

adjusted porosity/cement index. This relationship between ALM and [η/(Civ)
0.28] 

was shown for the first time for cemented materials; 

•� An unique relationship linking the ratio of accumulated loss of mass to the 

number of cycles (ALM/NC) and adjusted porosity/cement index [η/(Civ)
0.28] 

after distinct wet)dry cycles is presented for the first time; 

•� Linear relationships between stiffness (Gmax) and loss of mass (LM) were 

presented. Specimens with similar porosity/cement ratios showed similar trends 

in both Gmax and LM.  A power relationship was shown between accumulated 

loss of mass (ALM) and unconfined compressive strength (qu). This enables 

researchers and engineers to assess durability using distinct methods and tests;  

•� The porosity/cement index is correlated to strength, stiffness and endurance of 

the compacted gold tailings)Portland cement blends. So, according to the 

strength, stiffness and durability requirements, the earthwork designer can 

establish the adjusted porosity/cement index that fulfills the design needs. 

Lastly, distinct dry unit weights and Portland cement amounts can fulfill the 

project requirements. 

•� The potential encapsulation produced by the cement contents and/or the dry 

densities on the examined blends should be assessed in further studies, 

particularly considering arsenic and thiocyanate (potential pollutants) detected in 

the X)Ray diffraction test. Eventually, higher cement contents and additional 

compaction energy might be required to encapsulate such pollutants and should 

be verified in leaching tests. 
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NOTATION 

 

ALM accumulated loss of mass 

C cement content (expressed in relation to mass of dry gold tailings) 

Civ volumetric cement content (expressed in relation to the total specimen volume) 

D50 mean particle diameter 

Go initial shear modulus 

Gmax shear modulus after 3, 6, 9 and 12 cycles 

GT gold tailings 

LM loss of mass 

NC number of wetting/drying cycles 

qu unconfined compressive strength  

R
2
 coefficient of determination 

η porosity 

η/Civ porosity/cement index 

γd  dry unit weight 

γs  unit weight of solids 

w  moisture content 
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FIGURE CAPTIONS 
 

,"�% '�-.�X)ray diffractometry of studied gold tailings.�

,"�% '�/. Variation of unconfined compressive strength (qu) with adjusted porosity/cement 

index for gold tailings)Portland cement blends for 7 days of curing. 

,"�% '�0! Initial shear modulus (G0) versus adjusted porosity/cement index for 7 days of 

curing. 

,"�% '�1! Loss of mass versus number of cycle for gold tailings)Portland cement blends 

considering distinct dry unit weight (15, 16 and 17 kN/m3) and cement content (3, 5 and 

7%) specimens and 7 days as curing period. 

,"�% '� 2! Accumulated loss of mass versus number of wet/dry cycles for gold tailings)

Portland cement blends considering distinct dry unit weight (15, 16 and 17 kN/m3) and 

cement content (3, 5 and 7%) specimens and 7 days as curing period. 

,"�% '�3! Gold tailings)Portland cement blends accumulated loss of mass versus adjusted 

porosity/cement index after 3, 6, 9 and 12 wet)dry cycles (during durability tests). 

,"�% '�4! Gold tailings)Portland cement blends accumulated loss of mass versus adjusted 

porosity/cement index after wet)dry cycles during durability tests. 

,"�% '�5! Shear modulus (Gmax) versus number of the cycle after wet)dry cycles during 

durability tests for gold tailings)Portland cement blends considering distinct dry unit 

weight (15, 16 and 17 kN/m3) and cement content (3, 5 and 7%) specimens. 

,"�% '�6! Linear relations between shear modulus (Gmax) at specific number of the cycle 

after wet)dry cycles versus loss of mass in that same specific cycle during durability 

tests for gold tailings)Portland cement blends considering distinct dry unit weight (15, 

16 and 17 kN/m3) and cement content (3, 5 and 7%) specimens. 

,"�% '�-7! Relations ALM versus qu for gold tailings)Portland cement blends. 
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