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ABSTRACT 
Tailings dams are raised with time depending upon rate of generation of waste. A tailings dam can 

contain different particle sized materials within its dam body. The newly raised embankment in a 

tailings dam can be considered as vertical load being applied on subsequent layer. The applied loads 

can cause deformations and breakage of particles. The particle breakage can then lead to a skeleton 

with new particle size particles and hence can lead to new material properties. This paper provides the 

results from triaxial tests conducted on uniformed particle sizes as, 0.5 − 0.25𝑚𝑚, 0.25 − 0.125𝑚𝑚 

and 0.125 − 0.063𝑚𝑚.  The tests are performed at various effective radial stresses. The results are 

evaluated and compared with each particle size. The results include stress-strain and volumetric 

behavior during shearing, the effective stress ratio and stress-dilatancy plot. The friction angles are also 

evaluated and compared with different particle sized specimens. It was found that effective stress ratios 

were slightly higher when tests were performed at lower confining stresses and vice versa. It was also 

observed that particle size did not show any effect of friction angles. 
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  INTRODUCTION 

According to several studies tailings have different material properties as compared to 

natural geological material (Vanden Berghe et al. 2009). These differences can be in terms of 

several aspects, i.e. chemical, physical and mechanical properties. For example; according to 

(Mittal et al. 1975, Matyas et al. 1984) the tailings can possess higher friction angle 

compared to that of natural soils.  There are sveral studies conducted on tailings  on 

geotechnical aspects are reported in literature, some of them are; (Shamsi et al. 2007, Qiu, 

Sego 2001, Guo, Su 2007, Bhanbhro et al. 2014, Sheshpari et al. 2005, Yisa et al. 2014 and 

Mianali et al. 2015,)  
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Tailings can show more angularity than natural soils (Rodriguez 2013). Having more 

angular shapes can result in dilatant behavior in undrained conditions (Blight et al. 2000). 

Furthermore, finer particles which contribute towards rough shape can lower the friction 

angle and particle interlocking (Blight et al. 2000). Apart from friction angle, shapes and 

angularity; it is also essential to study the tailings material in particle size perspective. A 

tailings dam can have different particle sizes in its different sections of dam body. Due to 

construction over the course of time, a tailings dam is subject to vertical loading, which in 

general, can change the inter-particle structure within dam. There are chances that particles 

break upon application of vertical loads during construction phase. In order to find that, some 

studies were conducted by Bhanbhro et al. (2015) on different particle sized specimens. They 

found that the coarser particles show particle breakage up to 14% and finer particles show 

almost no breakage when subject to vertical loads of 640𝑘𝑃𝑎. Furthermore, breakage was 

even more when these specimens are sheared.  

Tailings dams are raised with time depending upon waste generated from mining 

activities. In upstream cases the new embankments are partly constructed over the tailings 

impoundment. With time the tailings impoundment becomes foundation of the dam. A 

concept when tailings impoundment becomes part of tailings dam is shown in Figure 1. A 

tailings impoundment can have different material properties due to different methods used 

for deposition, construction, handling and compaction to name a few. 

 
Figure 1: Example of tailings impoundment when becomes as part of dam body in upstream 

construction method 

During deposition of tailings impoundments, tailings particles can settle in size due to 

sedimentation effect and it can be difficult to get representative sample from in situ 

conditions. A question can arise that does it matter if particles are larger or smaller in size 

depending upon sample analyzed for the overall results including strength. In order to answer 

that, attempt has been made to study mechanical properties on uniformed particle sized 

specimens in triaxial tests to see effects of particle sizes on strength of materials.  

This article presents the results from triaxial tests performed on various particle sized 

specimens of tailings material. The tailings are divided in to three different particle sizes 

namely, 0.5𝑚𝑚 − 0.25𝑚𝑚, 0.25𝑚𝑚 − 0.125𝑚𝑚 and 0.125𝑚𝑚 − 0.063𝑚𝑚. The tests are 

performed at various effective radial stresses, i.e. 100𝑘𝑃𝑎, 200𝑘𝑃𝑎 and 400𝑘𝑃𝑎. The results 

are compared in various aspects with different particles sized specimens. For example, stress-

strain curves for different particle sizes. The effective stress ratio, volumetric strains and 

stress-dilatancy plots are also presented and discussed in this paper. The friction angle for 

different particle sized specimen is also compared and presented in this article.  
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MATERIALS AND METHODS 

Materials 

The tailings materials used in this study have been collected from different locations of 

copper tailings dam in Sweden, Figure 2.  

 

Figure 2: Aitik Tailings Dam 

There are three different uniformed particle sizes used in this study for collected material. 

The particle sizes used are, 0.5𝑚𝑚 − 0.25𝑚𝑚, 0.25𝑚𝑚 − 0.125𝑚𝑚 and 0.125𝑚𝑚 −
0.063𝑚𝑚. The further description is that particles passing through sieve 0.5𝑚𝑚 and retained 

on 0.25𝑚𝑚 are called 0.5𝑚𝑚 − 0.25𝑚𝑚. For simplicity, they are talked herein with their 

lower limit size i.e. 0.5𝑚𝑚 − 0.25𝑚𝑚 are called 0.25𝑚𝑚. The particle sizes used are 

shown in Table 1 and Figure 3 shows the gradation curves for the material. 

Table 1: Particle sizes used in this study for triaxial tests 

Particle size (mm) 

Upper limit Lower limit 

0.5 0.25 

0.25 0.125 

0.125 0.063 

The samples were sieved by using wet sieving method and were dried for 24 hours at 

105 Celsius. After separating the uniformed particles, the sample specimens were 

constructed in sample tube of 170𝑚𝑚 in height and 50𝑚𝑚 diameter. The samples were 

constructed by Dobry (1991) method. Initially, the sample tube’s bottom cap was sealed and 

it was filled with about 30𝑚𝑚 layer of water. Then dry tailings material of uniformed size 

was poured in sample tube with a 5𝑚𝑚 nozzle just from above water surface. Each layer of 

poured material was of 20 𝑡𝑜 25𝑚𝑚 height. Depending upon grain sizes, each layer was 

allowed to settle for 30𝑚𝑖𝑛𝑠 to 24ℎ𝑜𝑢𝑟𝑠.  The same process was repeated 5 − 6 times until 

the tube were full. 
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Figure 3: Gradation curves with upper and lower limits for materials studied in this research 

The basic properties i.e. moisture content, specific gravity, bulk density and degree of 

saturation of the specimens after construction of sample tubes are shown in Table 2.  All the 

specimens were considered as homogenous material with uniform sizes.  

Table 2: Description of Tailings material used in this study 

Material 

(Particle size-mm) 

Moisture Content 

average % 

Specific Gravity 

average 

Bulk Density 

average 
Degree of Saturation 

0.5 − 0.25 𝑚𝑚 21% 2.90 1.91 73% 

0.25 − 0.125𝑚𝑚 26% 2.87 2.0 93% 

0.125 − 0.063𝑚𝑚 29% 2.94 2.04 99% 

METHODS 

The equipment  

The tests were performed using (Bishop et al. 1975) triaxial systems manufactured by 

GDS Instrument ltd. (GDS 2013). The Sketch of triaxial cell is shown in Figure 4. All the 

stresses are controlled by using digital pressure volume controllers. There are four digital 

controllers connected to triaxial cell. Three of them control radial stresses, axial strains (also 

reads axial stress) and back pressure (also controls back volume), whereas one controller 

only reads pore pressure. The stresses are applied using de-aired liquid by hydraulic means. 

All the controllers are connected to computer program. The application of axial strains was 

controlled by amount of volume introduced in lower chamber controlled by computer. 

Similarly the radial strains were calculated by changes in back volume. The axial 

deformations were calibrated with external LVDT and the results were the same in computer 

and external LVDT. In all the tests, the samples were sheared up to axial strains 𝜀𝑎  =  20%.  

Membrane corrections  

The latex rubber membranes with diameter of 50 𝑚𝑚 and with average thickness of 

0.35 𝑚𝑚 were used in this study. The membrane has stiffness of 0.38 𝑁/𝑚𝑚 (Bishop et al. 

1962, Donaghe et al. 1988) which is likely to influence to the stiffness of specimen. The 
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corrections to membrane were applied (Bishop et al. 1962) as, ∆𝜎𝑎 =
𝜋𝑑0𝑀𝑚𝑒𝑚𝜀𝑎×103

𝐴
   

(kPa), where, 𝑑0 is initial diameter of the specimen (mm), 𝑀𝑚𝑒𝑚is stiffness of membrane 

(0.38 𝑁/𝑚𝑚), 𝜀𝑎 is axial strain (in decimal numbers) and 𝐴 is cross sectional area (mm
2
) of 

the specimen at 𝜀𝑎. The membrane corrections ∆𝜎𝑎 are supposed to be subtracted from axial 

stress 𝜎𝑎. The corrections calculated in this study were in range of −1 𝑡𝑜 − 5 𝑘𝑃𝑎 at 

𝜀𝑎  =  4% and 20% respectively.  

 

 
 

Figure 4: Sketch of the triaxial cell used in this study 

Saturation of specimens 

The specimens were saturated by using back pressure method. During this process the 

effective radial stresses were kept constant, whereas, the back pressure and radial stresses 

were raised together by saturation ramp method, Figure 5.  

 

Figure 5: Typical process of saturation ramp for 0.063𝑚𝑚 specimens 
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During saturation process, some volume of water was intruded in the test specimens as 

well, Figure 5. The stresses were applied with a rate as 1.8𝑘𝑃𝑎/𝑚𝑖𝑛. Once the radial stresses 

reached to 200𝑘𝑃𝑎, the B-check was performed by adding additional radial stress of 50𝑘𝑃𝑎 . 
It was assured that specimens have typical B-values of at least 𝐵 ≈ 0.9 for all tests. It is 

defined by Craig (2004) that normally consolidated soft clay produces 𝐵 = 1 when fully 

saturated, whereas, very dense of stiff clay can produce 𝐵 ≈ 0.91 even when fully saturated.  

RESULTS 

The tests were performed at an effective radial stresses as 𝜎′3  = 100𝑘𝑃𝑎, 𝜎′3  =
200𝑘𝑃𝑎 and 𝜎′3  = 400𝑘𝑃𝑎. The effective radial stresses 𝜎′3 were applied once it was 

assured that samples are fully saturated i.e. at least B-value as 𝐵 = 0.9. It was observed that 

all the test specimens underwent volumetric changes (𝜀𝑣) after application of effective radial 

stresses (𝜎′3). The volumetric strains are summarized in Table 3 and shown in Figure 6. The 

volumetric strains (𝜀𝑣) were calculated by measuring the amount of volume of water taken 

out when sample was under application of effective radial stress (𝜎′3).   

Table 3: volumetric strains (𝜀𝑣) observed during application of effective radial stresses 𝜎′3 
 

Effective Radial Stress  

(𝜎′3) 𝑘𝑃𝑎 

Reduction in Volume (%) 

0.063𝑚𝑚 

Reduction in Volume 

(%) 

0.125𝑚𝑚 

Reduction in Volume (%) 

0.25𝑚𝑚 

100𝑘𝑃𝑎 0.8% 1.2% 2.8% 

200𝑘𝑃𝑎 2.0% 1.4% 3.5% 

400𝑘𝑃𝑎 2.1% 1.5% 4.3% 

It was observed that volumetric strains (𝜀𝑣) in finer particles i.e. 0.063𝑚𝑚 were 

0.8% − 2.1% and for 0.125𝑚𝑚 and 0.25𝑚𝑚 were 1.2% − 1.5% and 2.8% − 4.3% 

respectively. It was observed that coarser particles showed higher volumetric reduction in 

comparison to finer particles, Figure 6. 

  

Figure 6:  The volumetric stains (εv) %, at σ3
′ = 100𝑘𝑃𝑎, 200𝑘𝑃𝑎 and 400𝑘𝑃𝑎)  

However, the amount of volumetric reduction is low as compared to axial reductions in 

previous studies (Bhanbhro et al. 2015) on similar particle sized specimens in oedometer. 

The typical consolidation behavior is shown in Figure 7 for 0.063𝑚𝑚 specimen at effective 
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radial stress 𝜎′3 = 100𝑘𝑃𝑎. The Figure 7 shows volume change and excess pore water 

pressure (PWP) when specimen was tested under effective radial stress. It was observed that 

excess pore water pressure dissipated very fast. And this may be because drainage was also 

very fast.  

 
Figure 7:  The consolidation process shown for 0.063𝑚𝑚 at effective radial stresses, i.e. 

(σ3
′ = 100𝑘𝑃𝑎).  

Stress-Strain, volumetric behavior and effective stress ratios 

The stress-strain curves are shown in Figure 8 for 0.063𝑚𝑚 and Figure 9 shows the 

effective stress ratios (𝜎′1/𝜎′3) for tests conducted on 0.25𝑚𝑚, 0.125𝑚𝑚 and 0.063𝑚𝑚 at 

different effective radial stresses, 𝜎′3. The strain hardening behavior was observed in all the 

tests followed by slight softening. However, that strain softening was not observed in all 

cases. For example, mostly it was seen in tests which were conducted at lower effective 

radial stresses, 𝜎′3 = 100𝑘𝑃𝑎.  

 

Figure 8:  The stress-strain curves and volumetric behavior shown for 0.063mm at 

various effective radial stresses. 
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The slight softening behavior was less at higher effective radial stresses i.e. 𝜎′3 =
200𝑘𝑃𝑎 𝑎𝑛𝑑 400𝑘𝑃𝑎. Looking in to volumetric strain (𝜀𝑣) during shearing, all the tests 

performed at 𝜎′3 = 200𝑘𝑃𝑎 and 400𝑘𝑃𝑎 showed dilatant volume behavior after initial 

compression. Whereas, all the tests at 𝜎′3 = 400𝑘𝑃𝑎 showed contractant volume behavior. 

Referring to Figure 9, where effective stress ratios (𝜎′1/𝜎′3) are plotted, it was observed that, 

the tests performed at 𝜎′3 = 100𝑘𝑃𝑎, showed higher effective stress ratios (𝜎′1/𝜎′3) for all 

the specimens sizes.  

 
Figure 9:  The effective stress ratios shown for all particle sized specimens. 

Whereas, all the specimens of various particle sizes showed less effective stress ratios at 

𝜎′3 = 400𝑘𝑃𝑎. In general, it was observed that finer particles 0.063𝑚𝑚 showed higher 

effective stress ratios as compared to coarser particles i.e. 0.125𝑚𝑚 and 0.25𝑚𝑚 when 

measured at axial strains 𝜀𝑎 = 10%. The effective stress ratios between tests conducted at 

𝜎′3 = 100𝑘𝑃𝑎 and 𝜎′3 = 400𝑘𝑃𝑎for the particles 0.063𝑚𝑚 were 3.3% − 4.25% when 

measured at 𝜀𝑎 = 10%. Similarly, effective stress ratios for 0.125𝑚𝑚 and 0.25𝑚𝑚 was 

3.58% − 3.85% and 3.25% − 4% respectively at 𝜀𝑎 = 10%. Although these effective stress 

ratios are, in most of cases, somewhat in agreement with what is available in literature (Vick 

1990). However, it should be noted that results presented here are based in uniformed 

particles sized tailings material, so slight variations are expected. The higher confining stress 

resulted in higher compressions during shear.  

Stress-Dilatancy Plots 

The stress-dilatancy plots are evaluated for 0.25𝑚𝑚 and 0.063𝑚𝑚 specimens at 

𝜎′3 = 200𝑘𝑃𝑎 and are presented in Figure 10. The stress-dilatancy curves are plotted as 

effective stress ratio 𝑅 = 𝜎′1/𝜎′3 with dilatancy factor 𝐷 = 1 − (𝑑𝜀𝑣 𝑑𝜀1)⁄ (Guo et al. 2007). 

Graphs are plotted with upper limit of coefficient of internal friction 𝐾 − 𝑙𝑖𝑛𝑒. The 𝐾 − 𝑙𝑖𝑛𝑒 

is expressed as 𝐾𝑐𝑣 = 𝑡𝑎𝑛2(45 + ∅𝑓 2⁄ ),  and for loose sands ∅𝑓 is equal to ∅𝑐𝑣 (Schanz et 

al. 1996).  

The 𝑅/𝐷 ratio reaches to maximum when its critical state (Guo et al. 2007). It was 

observed that stress-dilatancy 𝑅/𝐷 ratio in 0.25𝑚𝑚 case was slightly above the 𝐾𝑐𝑣-line as 

compared to 0.063𝑚𝑚 specimens, Figure 10. The zig-zag lines plotted are due to the reason 

that the strain ratio 𝐷 is computed from very small increments of strain, and similar behavior 

was also observed by Schanz et al. (1996). The dilatancy curves above the 𝐾𝑐𝑣-line indicate 
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that interlocking of angular particles exists at the peak stress ratios (Guo et al. 2007). The 

particle rearrangement, particle crushing and dilatancy have major contributions towards 

shear resistance of granular soils (Rowe 1962). As the shearing is progressed, the stress-

dilatancy 𝑅/𝐷 tends to decrease and it reaches to minimum value at critical state. The 

reduction, in 𝑅/𝐷 ratio show the rearrangements of inter particle locking due to particle 

angularity (Guo et al. 2007). 

 

 

Figure 10: Stress-Dilatancy plots for 0.25mm and 0.063mm specimens at 𝜎′3 = 200𝑘𝑃𝑎. 

Friction Angle 

The evaluated friction angle is shown in Table 4 for various particle sizes specimens. It 

was observed that friction angle evaluated for all the sizes was in range of 35.3° to 36.25°. 

The friction angle was evaluated by using Mohr-circle, Figure 11. 

Table 4: Evaluated friction angle (𝝓′) from different particle sized specimens 

Material 

(Particle size-mm) 

Friction Angle 

(𝜙′𝑚𝑎𝑥)° 
Friction Angle 

(𝜙′𝑐𝑣)° 

0.125 − 0.063 𝑚𝑚 35.31° 34.35° 
0.25 − 0.125𝑚𝑚 35.30° 33.36° 

0.5 − 0.25𝑚𝑚 36.25° 35.31° 
 

It was found that friction angle was almost same for all particle seized specimens, 

i.e. 0.25𝑚𝑚, 0.125𝑚𝑚 and 0.063𝑚𝑚. Particle size did not show any influence on friction 

angle. The friction angle is evaluated as friction angle at peak ∅𝑚𝑎𝑥
′  and friction angle at 

critical state ∅𝑐𝑣
′ . It was observed that peak stress is at about 𝜀𝑎 = 10% along axial strains 

and critical state somewhere after 𝜀𝑎 = 15% 𝑡𝑜 20% . The friction angle at peak ∅𝑚𝑎𝑥
′  was 
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evaluated at 𝜀𝑎 = 10% and similarly the friction angle at critical state ∅𝑐𝑣
′  was evaluated 

beyond 𝜀𝑎 = 15%. 

 
 

Figure 11:  The evaluation of friction angle for specimens 0.125𝑚𝑚. 

DISCUSSION 

The materials used in this study were saturated from 70% to 99%. In order to attain 100% 

saturation, the backpressure of 250kPa was applied. It was observed that during application 

of backpressure, some amount of water was introduced in to the specimens. Having high 

backpressure diminishes the air voids present in specimen ensuring no air voids. Under the 

isotropic consolidation, less volumetric compressions were observed for all the tests.  

Looking into volumetric compressions, it can be said that the effect of backpressure and 

having isotropic conditions resulted less decrease in volume of specimens. The reduction in 

volume is calculated from amount of back volume taken out of sample during application of 

effective radial stresses. The volumetric strains in coarser particles were higher as compared 

to finer particles. This is maybe due to more voids in larger particles.  During application of 

effective radial stresses, the sudden decrease in back volume is observed for all the 

specimens. This shows a high permeability characteristics of material tested. Moreover, due 

to that the dissipation of excess pore water pressure was rather very fast.  

All the specimens upon shearing showed strain hardening behavior. In few cases, it was 

followed by strain softening towards critical state reached.  All the tests, which were 

performed at effective radial stress 100kPa, showed higher effective stress ratios. Whereas, 

tests at effective radial stress 400kPa showed lower effective stress ratios, Figure 9. The 

similar behavior of effective stress ratios is also reported in literature (Vick 1990). As for 

volumetric behavior is concerned, it was observed that all the tests conducted at 𝜎′3  =
100𝑘𝑃𝑎 and 200𝑘𝑃𝑎 showed dilatancy. And those tests which were performed at effective 

radial stress 𝜎′3  = 400𝑘𝑃𝑎, showed contractancy. It has been observed in direct shear tests 

(Bhanbhro et al. 2017) that uniformed tailings material show dilatant behavior when effective 

normal stresses are 𝜎′𝑛 ≤ 300𝑘𝑃𝑎 and contractant behavior when 𝜎′𝑛  > 300𝑘𝑃𝑎. The 

similar hypothesis can be applied here, as dilatancy has been observed when 𝜎′3 =
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100𝑘𝑃𝑎 𝑎𝑛𝑑 200𝑘𝑃𝑎 and contractancy at 𝜎′3 = 400𝑘𝑃𝑎. This can be further explained as, 

at lower confining stresses, the particle interlocking dominates and result in dilatancy. 

Whereas, at higher confining stresses, the particle interlocking degrades, that results in 

particle breakage and result higher compressions due to rearrangements in skeleton. 

According to Guo et al. (2007), the stress-dilatancy curves above k-line shows particle 

interlocking, whereas; that phenomenon is for natural granular materials. The Figure 12 is 

reproduced from Guo et al. (2007) which show particle-interlocking and dilatation on stress-

dilatancy plots. Referring to Figure 10, the particle interlocking is seen in 0.25𝑚𝑚 

specimens at 𝜎′3  = 200𝑘𝑃𝑎. The stress-dilatancy curves for specimens 0.25𝑚𝑚 on Figure 

10 lies in between k-line. 

 
Figure 12: Stress-Dilatancy phenomenon updated from Guo et al. (2007) 

This can indicate a combination of particle interlocking, rearrangement and dilation as 

shearing is progressed.  Contrary to that, the stress-dilatancy cures for 0.063𝑚𝑚 specimen 

lies slightly below k-line; that, can indicate dilatation without interlocking while shearing of 

specimens. The friction angles (𝝓′
𝒎𝒂𝒙

)°  were evaluated to be in range of 35.3° − 36.25° for all 

the tested specimens. In terms of particle size, there was not much difference observed in 

friction angles.  

However, the friction angles evaluated in direct shear tests on same materials and size 

were significantly lower. One reason of having higher friction angles in triaxial tests can be 

the effect of confinement pressure. Table 5 shows a comparison of friction angles found in 

this study vs. friction angles found on same materials in direct shear tests conducted by 

Bhanbhro et al. (2017).  

Table 5: Evaluated Friction Angle (𝝓′) updated from Bhanbhro et al. (2007)  

Type of Tests Performed 0.125–0.063 mm 0.25-0.125mm 0.5-0.25mm 

𝜙′ 𝑐 𝜙′ 𝑐 𝜙′ 𝑐 

Present Study 
(Based on Triaxial Tests) 

35.31 - 35.3  36.25 - 

Direct Shear Tests 
(Based on vertically deposited 

specimens) 
25.20 5.13 25.23 11.53 26.13 0 

Direct Shear Tests 
(Normally deposited specimens) 

23.72 8.57 23.15 16.21 22.60 8.17 
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In general it can be concluded that particle size have no influence on friction angles in 

triaxial tests, Figure 13. However, it can have some effects other parameters for example 

dilatancy due to different gradation. In addition to that, these results are preliminary and 

studies that are more detailed could be of great help towards deep understanding of materials, 

e.g. by taking more particle gradation ratios, i.e. specimen prepared with different fractions 

of each particle sizes. As long as tailings are coarse the strength properties are similar. 

 
Figure 13: Friction angle plotted vs. particle size 

CONCLUDING REMARKS 

Based on tests conducted on tailings material of uniformed sizes i.e. 0.25𝑚𝑚, 0.125𝑚𝑚 

and 0.063𝑚𝑚 and from results it can be concluded that: 

1. Uniformed tailings material upon application of confining stresses can show less 

volumetric reductions (%) when compared with on same material tested for axial 

reductions (%) in oedometer. 

2. At low confining pressure, the uniformed tailings material can result in higher 

effective stress ratios and vice versa. 

3. Uniformed tailings material can show dilatant volume behavior when tested under 

effective radial stress as 100𝑘𝑃𝑎 and 200𝑘𝑃𝑎. And it can show contractant volume 

behavior when effective radial stresses are 400𝑘𝑃𝑎. 

4. Particle size does not have any influence on friction angle. The friction angle for 

uniformed tailings material was found to be in range of 35.3° to 36.25°. 
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Editor’s note. 

This paper may be referred to, in other articles, as 

Riaz Bhanbhro, Tommy Edeskär and Sven Knutsson: “Mechanical Behavior of 

Uniformed Tailings Material in Triaxial Tests” Electronic Journal of Geotechnical 

Engineering, 2017(22.06), pp 1717-1730. Available at ejge.com. 
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