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Abstract - Highly densified tailings, such as paste tailings, are a novel technology of tailings (soils produced by mining activities) 

disposal and management. Paste tailings are generated from the significant dewatering of the slurry tailings produced in the mine 

processing plant. This technology provides numerous benefits to the mines, such as reduction of the dependency on conventional tailings 

dams with their associated risks (disastrous geotechnical and environmental failures) and the increase in water recovery and recycling. 

However, regulators are worried about liquefaction potential of paste tailings deposits in regions that are prone to earthquakes. Up to 

date, no investigations have been conducted to evaluate the liquefaction potential of paste tailings using a shaking table. Therefore, the 

purpose of this research is to evaluate the liquefaction potential of paste tailings under seismic loading conditions using one-dimensional 

shaking table equipment. The paste tailings were deposited in thin layers and were subjected to the atmospheric desiccation process in 

order to gain strength before performing the shaking table tests. The paste tailings deposit was subjected to a sinusoidal dynamic loading 

with a frequency of 1 Hz and peak horizontal acceleration of 0.13 g. The variation of pore-water pressure within paste tailings deposit 

was monitored during the shaking test. The test results showed that the paste tailings can be susceptible to liquefaction under the 

considered testing conditions. 
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1. Introduction 
The mining industry generates vast amounts of mine tailings every year worldwide. Worldwide, the amount of generated 

mine tailings from the mining industry was 14 billion tonnes in 2010 [1]. Typically, mine tailings can be defined as the finely 

ground waste that are left over after metal extraction from ores [2]. Tailings are deposited conventionally in form of slurry 

in the disposal area which retained via a structure known as tailings dams. Such conventional disposal form has been known 

to be facing key problems, specifically in terms of the failures of tailings dams that occurred due to liquefaction phenomena 

during an earthquake shaking. Normally, the slurry tailings deposits in the tailings dams are considered to be soft, loose and 

remained under saturated condition which thus they will be susceptible to seismic liquefaction under the occurrence of any 

significant earthquakes [3]. The disastrous failure of the Las Palmas tailings dams during the 2010 Maule, Chile Earthquake 

is considered one of the well-known recent examples of the seismic-induced liquefaction failure [4, 5]. Consequently, this 

disastrous caused the tailings to flow to an approximately 0.5 km as well as four people lost their lives.  

Highly densified tailings, such as paste tailings, are a novel technology of tailings disposal and management that have 

been developed to reduce the dependency on conventional tailings dams with their associated risks (disastrous geotechnical 

and environmental failures) and to increase the water recovery and recycling. The term paste tailings technology can be 

defined as a dewatered slurry tailings that are not experience a critical flow velocity once pumped, are not subject to 

segregation after deposition and generate an insignificant amount of bleed water once discharged to the surface [6].This 

technology was firstly implemented as a surface disposal at the Bulyanhulu Gold Mine in Tanzania [6]. The solid content in 

the paste tailings is ranged between 70% and 85%, with a yield stress ranging between 100 and 1000 Pa [7]. Generally, the 

flow of pate tailings will rest at slope that can range between 3° and 10° as long as the underlying material has stabilized [6].  

Previous laboratory studies of the dynamic response of tailings have been performed mostly using conventional cyclic 

equipment, such as direct simple shear or triaxial equipment (e.g., [8, 9, 10, 11, 12, 13]). Yet, to the best knowledge of the 
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authors, very few laboratory studies [14, 15] that have been tested the dynamic response of conventional tailings (i.e., 

slurry tailings) using shaking table equipment. However, to-date, no investigations have been conducted to evaluate the 

liquefaction potential of paste tailings using a shaking table equipment. Liquefaction potential of paste tailings is 

considered a vital concern, specifically in regions that are prone to earthquakes. Therefore, the purpose of this research 

is to evaluate the seismic liquefaction potential of paste tailings under dynamic loading conditions by using one-

dimensional shaking table equipment. There is a need to address such concern in terms of the liquefaction potential of 

paste tailings. 

 

2. Materials and Methods 
2.1. Materials 

The materials used in this investigation contain tailings and tap water. The tailings studied involve a mixture of 

silica tailings (STs) and natural tailings (NTs). This mixture of tailings was intended to minimize the impact of 

uncertainties on the testing results as the natural tailings (NTs) are often contain sulfide minerals while the silica tailings 

(STs) its chemical and mineralogical compositions can be controlled [16]. The silica tailings (STs), ground silica, are 

considered synthetic tailings and are essentially made of quartz, which is one of the predominant minerals in Canadian 

hard rock tailings [17]. The natural tailings (NTs) were brought from a mine located in the eastern part of Canada. The 

grain size distribution of the mixture (paste tailings) is close to that of the average of 9 Canadian mine tailings, as shown 

in Figure 1, [18, 19]. 

 

 
Fig. 1: Grain size distribution of the used paste tailings and sand in this research compared with the average of 9 Canadian mine 

tailings. 

 
2.2. Paste Tailings Preparation 

The paste tailings were prepared via adding tap water to the mixture of the silica tailings (STs) and natural tailings 

(NTs). The silica tailings (STs) and the natural tailings (NTs) represented a 10% and 90% of the tailings mixture, 

respectively. An electrical concrete mixer was used to mix the water and tailings thoroughly for a duration of 

approximately of 10 min in order to obtain homogeneity. The workability of the prepared paste tailings was evaluated 

through the yield stress test. It was found that the yield stress of the prepared tailings was approximately 139 Pa. The 

yield stress was determined based on a single-point measurement (the maximum torque) [20]. This prepared tailing was 

then poured in thin layers into a flexible laminar shear box (FLSB), which described briefly below.  

 
2.3. Shaking Table  

In this investigation, the shaking table equipment of the University of Ottawa, Canada, was used in order to simulate 

the seismic behaviour of the paste tailings under the one-dimensional of shaking loading (Figure 2).  
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This equipment has an aluminium platform (~ 1000 × 1000 mm as a plan area) with a maximum capacity of 1000 kg. 

The shaking table can be moved horizontally back and forth at different frequencies ranging from 1 to 17 Hz with a maximum 

displacement of ± 120 mm and a maximum base shear capacity of 25 kN through a hydraulic actuator.  
 

 
Fig. 2: Photo of the shaking table and flexible laminar shear box (FLSB) used in this research. 

 

2.3. Flexible Laminar Shear Box, Setup and Instrumentation     
Seismic response of the paste tailings was investigated through using a flexible laminar shear box (FLSB) that was 

mounted on the shaking table, as shown in Figure 2. The used FLSB was designed by [21] and constructed in the machine 

shop at the University of Ottawa, Ottawa, Canada. This FLSB has the dimensions of 750 mm in length, 750 mm in width, 

and 750 mm in height, where it was constructed via staking a set of 22 horizontal laminae on top of each other with a slight 

space (2 mm) between each of them to allow for the relative movement during the shaking test. These laminae were made 

up of aluminium material with dimensions of 31.65 mm × 31.65 mm.  

A plastic sheet with thickness of approximately 0.5 mm was placed inside the FLSB to hold the prepared paste tailings 

deposit as well as the sand material. The grain size distribution of this used sand material can be shown in Figure 1. This 

sand material was poured into the FLSB, below the paste tailings deposit, to form a slope of approximately 5.6%. This 

selected slope was within the ranged that reported for the paste tailings in the field [6]. A geotextile sheet was placed between 

the sand material and the prepared paste tailings deposit to work as a porous barrier between them. The prepared paste tailings 

were then deposited in three thin layers (i.e., each had a thickness of 150 mm) into the FLSB subsequently to simulate the 

surface disposal of paste tailings at the Bulyanhulu gold mine, Tanzania [6], as shown in Figure 3. Deposition in thin layer 

is considered very important for strength gain through desiccation [6]. The duration between the deposition of the first layer 

(bottom layer) and the second layer (middle layer) was 3 days while it was 2 days between the second layer (middle layer) 

and the third layer (top layer).  

Pore pressure transducers (Model PX309-015CG5V, Omega Company) were installed at the middle depth of each thin 

layer of the paste tailings deposit to measure the change in the pore water pressure during the applied shaking loading, as 

shown in Figure 3. These transducers were connected to a data acquisition system to record the data.  

 



 

 

 

 

 

 

 

159-4 

 
Fig. 3: Schematic drawing of the instrumented FLSB with layers of paste tailings mounted on the shaking table. 

 
2.4. Dynamic Testing  

The experimental testing in this investigation involved of using the shaking table to apply a sinusoidal dynamic loading 

with a frequency of 1 Hz and peak horizontal acceleration of 0.13 g at the bottom of the paste tailings deposit for a duration 

of 1,800 seconds. The designated loading frequency in this investigation was based on previous shaking table studies (e.g., 

[22, 23, 14]) and compatible with the ability of the used transduces in terms of the monitoring. In addition, the influence of 

the loading frequency was reported to be somewhat insignificant in laboratory testing [24, 25]. The designated peak 

horizontal acceleration in this investigation was similar to the acceleration of the Saguenay earthquake of 1988 in Québec, 

Canada, which had a magnitude of 5.9 [26]. The designated long duration of shaking loading in the current investigation was 

not intended to simulate the actual duration of earthquakes, which are known to be much shorter. Furthermore, a good 

observation of the dynamic response of the paste tailings deposit and relative comparisons of their response can be obtained 

via a long duration of shaking loading (e.g., 1,800 seconds). Accordingly, this is considered vital for the future development 

of a constitutive model to predict and evaluate the seismic response of paste tailings deposit. A previous seismic liquefaction 

study on hard rock tailings [14] has been used such a long duration of shaking loading. The paste tailings deposit was 

subjected to shaking loading 1 day after the deposition of the third layer (top layer) of paste tailings.  

 

3. Samples of Test Results and Discussions 
This section provides samples of the test results that associated with a key parameter that is known as the excess pore-

water pressure ratio, which has been used commonly to evaluate the liquefaction potential of soils and tailings during the 

applied dynamic loading. Previous seismic liquefaction studies (e.g., [23, 14, 15]) have been used this ratio as an indication 

of the liquefaction occurrence. The development of the excess pore-water pressure and its corresponding excess pore-water 

pressure ratio were presented herein only at the middle depth of the first layer (bottom layer) and the third layer (top layer) 

of the paste tailings deposit. The excess pore-water pressure ratio (𝑟𝑢) at the middle depth of these layers of the paste tailings 

can be determined, as shown in Eq. (1) below.  

 

𝑟𝑢 =
∆𝑢

𝜎′
𝑣𝑜

 
(1) 
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Where ∆𝑢 is the excess pore-water pressure during shaking and 𝜎′𝑣𝑜 is the initial vertical effective stress before the 

shaking. The soils or tailings materials is considered under liquified condition when the 𝑟𝑢 equals 1 or is close to 1 [23, 14]. 

It has to be mentioned that other previous studies [27, 28] indicated that soils might be under liquefaction condition when 

the 𝑟𝑢 is within the range of 0.7 to 1.0.  

The time histories of the excess pore-water pressure measured at the middle depth of these layers of the tested past 

tailings and the corresponding excess pore-water pressure ratio are presented in terms of during shaking loading, as shown 

in Figures 4a and 4b. As it can be seen in Figure 4a, the excess pore-water pressure at the middle depth of these layers was 

observed to be dveloped quickly till reaching a peak value; then, it became slightly steady till the termination of the shaking 

loading. The volume contraction of the tested tailings is considered the primarily caused of such quick developed in the 

excess pore-water pressure at the beginning of the shaking loading. The observed relative steadiness of the excess pore-water 

pressure following the peak value can be associated with a volume dilative response of the tested paste tailings to loading at 

very low effective stress [14]. It was noticed that the bottom layer attained higher peak value of the excess pore-water pressure 

than that at the top layer. This higher value of excess pore-water pressure in the bottom layer can be resulted from the 

downward flow of pore-water from the upper layer to the bottom layer of the tested tailings. This pore-water pressure in the 

bottom layer is resulted partially via pore pressures produced in the bottom layer and partially via inflow of pore-water from 

the upper layer. In addition, this above-mentioned description can be supported by the findings of previous researchers [27], 

which they stated that earthquake shaking of layered soils induce pore water gradients, inflow of pore water in some areas 

or layers and outflow of pore water in some areas. Typically, at both the bottom and top layers of the paste tailings deposit, 

the excess pore-water pressure ratio was lower than unity (𝑟𝑢 < 1), ranging from approximately 0.7 to 0.9 during the shaking 

loading, as shown in Figure 4b.  

When the shaking loading terminated, the excess pore-water pressure at both layers increased abruptly till reaching a 

maximum value, as shown in Figure 4a. Accordingly, the excess pore-water pressure ratios at the bottom and top layers of 

the tested paste tailings were approaching unity (𝑟𝑢≈ 1), as shown in Figure 4b, as a result of such abrupt increase in pore-

water pressure, which reveals that the highly densified tailings in terms of paste tailings could be susceptible to liquefaction 

under the considered testing conditions. Since there is a smaller vertical stress at the top layer, the top layer was observed to 

have a lower magnitude of this abrupt increase compared to the bottom layer. Such abrupt increase in excess pore-water 

pressure was resulted due to two mechanisms. First, the termination of the dynamic loading, which allowed the contraction 

of tailings particles that were partially in suspension, thus producing additional pore-water pressure [14]. Second, an upward 

flow of pore-water from the bottom part of the paste tailings deposit to the top layer (layer 3) and a downward flow of pore-

water from the bottom part of the middle layer of the paste tailings deposit to the bottom layer (layer 1) that produced 

additional pore-water pressure. Previous liquefaction studies [14, 15] on hard rock tailings reported similar findings.  

 

 
Fig.4: Time histories of excess pore-water pressures at the middle depth of bottom and top layers of paste tailings during shaking 

loading: (a) measured excess pore water pressure (∆𝑢) and (b) excess pore-water pressure ratio (𝑟𝑢). 
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4. Conclusion 
In this research paper, liquefaction potential of paste tailings deposit was evaluated using shaking table equipment. 

Based on the test results of this research paper, the following conclusions can be outlines as follows.  

Both the bottom and top layers of paste tailings deposit were experienced volume contraction, which therefore led 

quick development in the excess pore-water pressure during shaking loading. 

An abrupt increase of the excess pore-water pressure was noticed immediately, at both layers of paste tailings 

deposit, after the shaking loading was terminated. This caused to the excess pore-water pressure ratio of both layers of 

paste tailings deposit to approach unity. Such abrupt increase in the excess pore-water pressure was associated with both 

the volume contraction of paste tailings particles that were partially in suspension and the upward flow of pore-water to 

the top layer and downward flow of pore-water to the bottom layer.  

Based on the above observations, the paste tailings deposit could be susceptible to liquefaction under the applied 

frequency of 1 Hz and peak horizontal acceleration of 0.13 g. Therefore, the wariness must be taken in case of 

implementation of paste tailings technology in regions that located in high seismic activates.  
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