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ABSTRACT 

The main objective of this work is to study the influence of surface roughness on the shear strength of paste fill-

rock walls interfaces, in mining stopes. In this sense, a laboratory test program was carried out based on the 

quantification of the surface roughness of two rock types (stockwork and zinc ore samples) and the performance of 

direct shear tests on the paste fill-rock walls interfaces. The interfaces were made of real backfill and real rocks. A 

total of 40 interfaces were tested, each of them subjected to five normal stresses (𝜎𝑛1 = 45.6; 𝜎𝑛2 = 77.1; 𝜎𝑛3 = 

108.6; 𝜎𝑛4 = 140.0; 𝜎𝑛5 = 171.5 kPa) at a constant shear rate of 0.5 mm/min for a maximum tangential displacement 

of 10 mm. Both frictional shear and shear bond strengths were determined. The results of the tests for the different 

curing times (7 and 28 days) and cement contents (2.5% and 4.5%) were analyzed and compared with the surface 

roughness parameters to investigate a possible correlation between shear strength of paste fill-rock walls interfaces 

and their morphological characteristics. In summary, it is considered that surface roughness cannot be disregarded 

in stability analyzes of backfilled stopes. 
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1. INTRODUCTION 
 
The main activities of the mining industry produce large volumes of mining waste, including waste rock and tailings, 

which are usually stored at the surface. Backfilling has thus become a common practice in various underground 

operations playing a key role in the local and regional stability of stopes (Nasir and Fall, 2008). One of the most 

crucial factors in the stability of the paste fill is the mobilization of friction between the rock walls of the stope and 

the paste fill. This friction can be quantified based on empirical tests or modeling codes of Rock Mechanics 

(Manaras, 2009). An indirect way of correlating the interface resistance with the roughness, curing time and cement 

content is to evaluate the shear strength parameters (cohesion and friction angle) using direct shear tests (Nasir 

and Fall, 2008; Manaras, 2009; Fall and Nasir, 2010; Koupouli et al., 2016, 2017). 

 
 A good understanding of the mechanical behavior of the backfill material and its interaction with the surrounding 

rock mass is a critical step in assessing the geomechanical response of backfilled stopes and issues related to 

underground stability (Falaknaz, 2014). The several studies focused on the mechanical behavior of backfill / rock 

mass indicated that the backfill material, even when containing a significant amount of binder, remains a less rigid 

material than the surrounding rock mass. However, the interaction forces that develop between the rock and the 

backfill material induce load transfer along its interface, favoring the arching effect on the backfilled stopes. This 

load transfer should be understood to assess adequately the backfill behavior by optimizing the design in terms of 

safety and operational level.  

 
Although the results of the previous studies contribute to the understanding of interface phenomena, it remains that 

more investigation is needed for understanding the behavior of interfaces between real paste fill and real rock 

surfaces. In this perspective, the aim of this study is to evaluate the influence of the roughness on the shear strength 

of paste fill-rock interfaces.  
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2. DESCRIPTION AND CHARACTERIZATION OF MATERIALS 

 
a) Mine tailings sample 

 
The tailings sample used in this study was taken from Neves-Corvo Mine (Copper/Zinc Mine) operated by the 

Portuguese company Somincor, which is a subsidiary of Lundin Mining. This mine is located approximately 220 km 

of Lisbon in the Alentejo district of Southern Portugal. The tailings were collected in barrels from the disk filters of 

the paste backfill plant of Neves-Corvo Mine and transported to GeoLAB (Geosciences and Geotechnologies Lab, 

IST, University of Lisbon) for further analysis. The grain size distribution curve of the tailings sample used in this 

study is presented in Figure 1.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

b) Binding agent 
 

The binder used for paste fill mixture preparation was a portland cement type II A/L 42.5R (Cimpor Loulé) also 

provided by the Portuguese company Somincor. Two different cement contents were tested: 2.5% and 4.5% by dry 

mass of tailings. 

 
c) Mixing water 

 
The mixing water used for the mixture was tap water. But in future works, the utilization of industrial water is 

suggested. 

 
d) Paste fill preparation 

 
For the paste fill preparation, the required masses of tailings, water and binder were mixed and homogenized using 

a Hobart mixer for about approximately 5 min. The binder used is the same as that applied at the paste backfill 

plant of the Neves-Corvo mine. 

 

e) Rock samples 
 

The rock samples used in this study were also supplied by Somincor: 10 stockwork samples (designated ‘C’ in this 

work) and 10 zinc ore samples (designated ‘Z’ in this work) (Figure 2). 

 

 

 

 

 Figure 2 – Stockwork (‘C’) and zinc ore (‘Z’) samples 

Figure 1 – The grain size distribution curve of the 
tailings sample used in this study 



Summary of dissertation for the master’s degree, Instituto Superior Técnico, Lisbon, May 2018 3 

 

3. METHODOLOGY 

In order to measure the roughness of rock surfaces was used a contact rugosimeter (Figure 3) composed by a 

digital system for linear measurement (absolute linear scale AT715 Mitutoyo), with a resolution of 0.001 mm, a 

digital read out (KA counter Mitutoyo) and a rugosimeter table (Miguel, 2011). This rugosimeter also comes 

equipped with surface measurement software, SURFROCK - Surface Measurement Software (Mitutoyo Surf), 

which encompasses all communication and data recording features. The equipment allows collecting data 

according to the X or Y directions of the conventional Cartesian reference (Figure 3). Thus, for each surface a mesh 

with a spacing of 5 mm was defined for both X and Y directions. Note that the rock surface scanning was performed 

according to the sliding direction of the direct shear tests, later performed. The profiles obtained in the Y direction 

are the profiles parallel to the sliding direction, while the profiles measured in the X direction are the profiles 

perpendicular to the sliding.  

 

 

 

 

 

 

 

After scanning the rock surfaces, cylindrical PVC molds (of 65-mm diameter and 40-mm height) were made and 

placed on the top of rock surfaces as shown in Figure 4. The paste fill mixtures were prepared with 80% solids by 

weight to simulate the typical properties of a paste fill mixture and at different cement contents (2.5% and 4.5%). 

The fresh paste fill is then poured over the rock surfaces using PVC molds to create the interface between paste fill 

and rock walls (Figure 4). Once cast, the interfaces were cured in a humid chamber at 28 ° C (to reproduce the 

mine's underground conditions) for 7 and 28 days (curing times analyzed in this study). 

 

 

 

 

 

 

 

Direct shear tests were carried out at the paste fill-rock interfaces to determine the shear strength parameters and 

to evaluate the influence of the following parameters: surface roughness of rocks, cement content and cure time of 

paste fill. These tests were carried out according to British Standard BS 1377-7: 1990 ("Methods of testing for civil 

engineering purposes. Shear strength tests (total stress)"). The direct shear equipment used in this work is shown 

in Figure 5. 

 

 

 

 

 

 

 

 

Figure 3 – Contact rugosimeter and the conventional Cartesian reference 

Figure 4 – Preparation of the interfaces "rock - paste fill" 

. 

Figure 5 – Direct shear equipment used in this work 
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During these tests the tangential force and displacement to the shear plane were recorded. After the desired curing 

time (7 or 28 days) had been reached, each interface to be tested was removed from the humid chamber, demolding 

and placed into the reversible shear box as shown in Figure 6. 

 

 

 

 

 

 

 

 

 

 

As previously mentioned, two cement contents were used (2.5% and 4.5%) in the preparation of the paste fill 

mixtures, and two different curing times (7 and 28 days) were analyzed. For each curing time and cement content, 

both types of interfaces were tested. For the same interface, five normal stress levels were applied (45.6 kPa, 77.1 

kPa, 108.6 kPa, 140.0 kPa and 171.5 kPa). The tests were performed along a tangential displacement of 10 mm at 

a constant shear rate of 0.5 mm / min. After the direct shear tests, each interface was subjected to a new scan of 

its surface. Figure 7 shows a schematic summary of all the structure of the tests that were carried out during this 

experimental work. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4. RESULTS AND DISCUSSION 

Prior to interface shear testing, the surface roughness of rock samples was characterized using the surface 

roughness coefficient 𝑅𝑠 (El-Soudani, 1978), which is defined as the ratio between the actual area of the surface 

and the projected surface area (𝑅𝑠 = 𝐴𝑡 𝐴𝑛⁄ ). The coefficient 𝑅𝑠 is represented for all samples in table 1. The actual 

surface area (𝐴𝑡) and its projected area (𝐴𝑛) were calculated with the aid of the Surfer software through a 

triangulation interpolation of the topographic data, as described in Miguel (2011). The same program also allows 

the three-dimensional representation of the surfaces as exemplified in figure 8. 

Figure 6 – Cross-section of the paste fill-rock interfaces after demolding and before 
the direct shear tests were performed 

. 

Figure 7 – Schematic summary and specimen Classification. 

. 
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Table 1 – 𝐑𝐒 and 𝐒𝐑𝐒 Parameters for all samples characterized 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 

The coefficient 𝑅𝑠 varies from 1.0129 to 1.0454 for stockwork samples, and from 1.0157 to 1.0787 for zinc ore 

samples. Subsequently, Belem et al. (1997) proposed the specific surface roughness coefficient 𝑆𝑅𝑠 (=

100 × (𝑅𝑠 − 1)) which allows to determine the degree or percentage of specific roughness of each surface of 

discontinuity in relation to another perfectly smooth. The coefficient 𝑆𝑅𝑠 varies from 1.29 to 4.54% for stockwork 

surfaces, and from 1.57 to 7.87% for zinc ore surfaces. Therefore, it is possible to state that the zinc ore surfaces 

reach higher degrees of surface roughness than the stockwork samples. 

 

In the next step of this work, direct shear tests at the paste fill – rock interfaces allowed the evaluation of the shear 

stresses (𝜏) mobilized at the interface, induced by an imposed horizontal displacement under normal stress 

conditions. The shear stress variation curves with the tangential displacement (curves 𝜏 − 𝛿) are presented in 

Figures 9 and 10 for each type of interface. 

 

In this work, the adhesion developed between the paste fill and the natural rock surface corresponds to the initial 

shear strength verified before the bond breaking among these materials, i.e., corresponds to the peak shear stress 

response observed during the first load cycle (𝜎𝑛 = 45.6 kPa). After the adhesive failure at the interface between 

paste fill and rock walls, and with the application of the other load cycles (𝜎𝑛 = 77.1 kPa; 𝜎𝑛 = 108.6 kPa; 𝜎𝑛 = 

140.0 kPa; 𝜎𝑛 = 171.5 kPa), it was considered the case of open surfaces, where the component of friction became 

more significant and it was possible to establish a linear correlation between the peak and residual shear strengths 

and the applied normal stress. It should be noted that the term “adhesion or bond strength” (𝜏𝑎) will be used 

throughout this work to describe the initial adhesion between backfill and rock surface, as seen in Koupouli et al. 

(2017).  

 

Figure 8 – Stockwork surface (C5) and zinc ore surface (Z5_1), with direction of shearing. 

. 
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The paste fill (4.5% cement) - rock interfaces (Figure 9) are considered representative of an interface with good 

initial adhesion. At the application of 𝜎1 = 45.6 kPa, well defined strength peaks were obtained, followed by 

decreases in shear stress to values that are assumed to be close to the residual conditions. The shear stress 

increased rapidly until it reached a shear strength peak corresponding to the breakage of the cement bonding 

developed between the paste fill and the rock surfaces. From that point, the shear stress decreases to an 

approximately constant shear stress plate as the tangential displacement increases. After the initial adhesion bond 

breakage, the total mobilization of frictional strength occurs, resulting in the relative displacement between paste fill 

and rock surfaces. With the application of higher normal loads (𝜎𝑛 = 77.1 kPa; 𝜎𝑛 = 108.6 kPa; 𝜎𝑛 = 140.0 kPa; 

𝜎𝑛 = 171.5 kPa) in the same specimen, an elastoplastic behavior is observed at 28 days of curing time with the 

occurrence of plastification from a tangential displacement of approximately 3 mm. At 7 days of curing time, there 

is a slight softening probably because the maximum strength characteristics of the backfill material has not yet been 

reached, which are reached at 28 days of curing time (maximum cement holding time). 

The paste fill (2.5% cement) - rock interfaces (Figure 10), when applying the first load cycle (𝜎1 = 45.6 kPa), are 

characterized by a maximum shear stress that remains approximately constant or undergoes a slightly softening. 

The fact that a pronounced peak is not observed in its 𝜏 − 𝛿 curves, indicates that the initial adhesion between the 

interface surfaces is considered very small and the sliding along the interface can be considered as the main shear 

mechanism of this type of interfaces. 

After the breakage of bonding of the initial adhesion, and with the application of higher normal loads, at the beginning 

of each cycle, there is an increase in shear stresses to the mobilization of the peak shear stress of the interface 

and, therefore, friction. From this point, the shear stress decreases slightly (at 28 days of curing time) or more 

sharply (at 7 days of curing time) as the shear deformation increases with the tangential displacement analyzed. 

‘C2’ – 4.5% (cement content); 28 days (curing time) ‘C7_2’ – 4.5% (cement content); 7 days (curing time) 

‘Z2’ – 2.5% (cement content); 28 days (curing time) ‘Z3_2’ – 2.5% (cement content); 7 days (curing time) 

Figure 10 – Shear stress variation curves with the tangential displacement of the paste fill (2.5% 
cement) – rock interfaces  

. 

Figure 9 – Shear stress variation curves with the tangential displacement of the paste fill (4.5% 
cement) – rock interfaces 

. 
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By analyzing the surface of the interfaces after completion of the tests, was possible to observe that these surfaces 

were covered by several tailing particles, which mainly resulted from their crushing against the rock surface. This 

suggests that, after mobilization of the peak shear stress, shear behavior is probably controlled by the sliding or 

rolling of the tailing particles on the rock surface and the friction between the tailing particles themselves and / or 

the surface of the rock. This slight decrease in shear stress after the first load cycle may suggest that the connection 

between tailing particles was still preserved in a 10 mm tangential deformation, as observed by Nasir and Fall 

(2008). 

For each set of tests, the bond strength, the peak friction angle and the residual friction angle were calculated using 

the same procedure. 

The friction angle of the interfaces was determined using the Mohr-Coulomb criterion. In the Mohr-Coulomb 

equation, the relationship between the effective normal stress and the peak shear stress is expressed by a linear 

relationship. The friction angles for each test were obtained by the linear regression method and the apparent 

cohesion, c, was adjusted to zero because the interface strength was measured after shearing by the application 

of a first normal load cycle (𝜎1 = 45, 6 kPa) which broke the bond established between the paste and the respective 

rock surface. This first phase of each test allowed to determine the bond strength of the paste to the rock, which, in 

turn, is related to the cohesion of the interface. 

The failure envelope with the representation of the points (𝜎𝑛, 𝜏) for the peak and residual shear stress values where 

the corresponding Mohr-Coulomb line was plotted by linear regression for one of the samples tested. The slope of 

the best fit lines represents the friction angle of the interface (Figure 11). 

 

 

 

 

 

 

 

 

Tables 2 and 3 summarizes all values of the shear strength parameters (𝜏𝑎, ∅𝑝 and ∅𝑟) obtained in each set of 

interfaces, jointly with the roughness parameter SRs. 

 

 

 

Linear (Residual) 

Figure 11 – Shear stresses - normal stresses diagram for the paste fill (4.5% cement, 28 days 
cure) – rock walls interfaces with C7_2 rock sample 

. 

Table 2 – Shear strength parameters:  
paste fill (4.5% cement) – rock walls interfaces 

 

Table 3 – Shear strength parameters:  
paste fill (2.5% cement) – rock walls interfaces 
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The influence of curing time on the shear parameters (𝜏𝑎 , ∅𝑝, ∅𝑟) of the paste fill – rock interfaces is also visible in 

tables 2 and 3. The effect of the curing time on bond strength (𝜏𝑎) and the mobilization of the friction angles of the 

interfaces (∅𝑝 and ∅𝑟) can not be generalized for the different cement contents (2.5% and 4.5%). The paste fill 

(2.5% cement) – rock interfaces are not influenced by the curing time, unlike paste fill (4.5% cement) – rock 

interfaces where an increase of all the shear parameters was observed. 

In the same tables is also possible to conclude that the peak and residual friction angles increase with the curing 

time but vary slightly with the cement content.  

The paste fill-rock interfaces (2.5% cement) have lower adhesion and, as such, the sliding along the discontinuity 

surface can be considered the main shear strength mechanism of this type of interfaces.  

Despite the great variability of results in both the peak friction angle and the residual friction angle with the respect 

to the surface roughness (table 4), it is possible to observe that the paste fill (4.5% cement) – rock interfaces, at 28 

days of curing time, do not exhibit great variations on the shear strength parameters in peak and residual conditions. 

The same does not happen at 7 days of curing time, where there is a difference in peak and residual shear strengths. 

This variation may be due to the fact that the material at 7 days of curing time has not yet reached the maximum 

strength characteristics, so the effect of the surface roughness of the side walls predominates over the effect of the 

amount of cement. 

This angular variation was more significant for the case of the interfaces related to samples of paste fill with 2.5% 

of cement. It is concluded that for these cases the values of the peak and residual strengths have to be considered. 

There has also been a decrease in the angular variation with increasing roughness of the rock surfaces which is 

particularly positive since one of the aims of the industry is to reduce the amounts of cement used (Figure 12). 

However, more laboratory work is necessary to corroborate this hypothesis. 

 

 

 

 

 

 

 

 

 

 

 

 

 

  
Figure 12 – Angular variation (∅𝒑 − ∅𝒓) with roughness. 
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On the less roughened surfaces, the failure mainly followed the interface, while on the roughened surfaces it 

propagated through the backfill material. It is also concluded that, in some cases, the friction angle decreased with 

increasing roughness.  

It is also concluded that, in some cases, the friction angle decreased with increasing roughness. This phenomenon 

can be explained by the reduction of the effective roughness of the rock surface after “the first shear”, which, 

together with a higher slope of the shear plane verified in some cases (mostly in the zinc ore samples), offers a less 

resistance to sliding and, consequently, a lower angle of friction (Figure 13). 

  

  

  

  

Stockwork samples: 28-d curing, 4.5% (cement content) Zinc ore samples: 28-d curing, 4.5% (cement content) 

Stockwork samples: 7-d curing, 4.5% (cement content) Zinc ore samples: 7-d curing, 4.5% (cement content) 

Stockwork samples: 28-d curing, 2.5% (cement content) Zinc ore samples: 28-d curing, 2.5% (cement content) 

Stockwork samples: 7-d curing, 2.5% (cement content) Zinc ore samples: 7-d curing, 2.5% (cement content) 

Table 4 – Friction angles variation with roughness 
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5. CONCLUSIONS 
 

As far as for the stability of backfill stopes are concerned, this study shows that roughness is a factor to be 

considered. The results could be valuable to other studies and simulations in this field and so, the work 

accomplished its objectives.  
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Figure 13 – Interface after the direct shear test. 


