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Determination of Tailings Properties for Seismic Response 

Analysis of а Tailings Dam 
 
 

Т. Germanov, Dr. Eng., V. Kostov, Eng. 
Departтeпt оf Geotechпics, Uпiversity оf Architectиre & Civil Eпgiпeeriпg, Sofja. Bulgaria 

 
ABSTRACT: The results from laboratory and in situ study for assessing 
the stress-strain characteristics of tailings of the "Benkovski" 
spigoted downstream tailings dam are presented. The basic tailings 
properties (density and water content) were determined by testing 
undisturbed samples taken from different depths of the dam. The 
change of the density with depth was assessed by compression tests. 
Nonlinear stress-strain properties of the tailings (parameters of the 
initial tangent modulus, failure ratio, Poisson 1 s ratio) for static 
stress analysis were estimated using static triaxial tests. The 
dynamic properties (strain-dependent shear modulus and damping) were 
investigated- by means of а shear apparatus with а wide range of 
cyclic loading, specimen size and accuracy of measuring. The results 
obtained will be used for static and dynamic response analysis of the 
tailings dam considered. 
 
 
1. Introduction. 
 
The seismic stability evaluation 
of an earth dam requires the 
determination of the real 
physical and mechanical 
characteristics of the 
embankment materials. А pseudo 
dynamic approach for seismic 
stability analysis was applied 
recently in Bulgaria. This 
approach, however does not take 
into account the real shear 
strength characteristics and 
damping properties of the dam 
materials. The tailings dam 
response under static and 
dynamic excitation is quite 
different from the response of 
earth and rockfill dams. On the 
other hand, at present, there 
are not sufficient 
investigations of the tailings  
 
 
 

properties. The difficulties are 
mainly due to the specific 
behavior of the tailings 
materia1s which as а fine 
grained medium, form а stress-
strain state different from that 
of the natural soi1 deposits. 
 
Bearing in mind that many darns 
in Bu1garia, built before the 
strong earthquakes on the Balkan 
peninsula (Skopje - 1963, Vranca 
- 1977,Strajitza -1986) were 
designed without taking into 
account the seismic impact, а 
new design and monitoring 
pattern of the behavior of the 
existing darns has been 
initiated. 
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2. Description of the Tailings 
Dam under Consideration.  
 
The "Benkovski" tailings dam is 
part оf the Elatzite Copper 
Mining Plant and is located 
about 70 km east of Sofia on an 
extremely large territory. The 
area of the tailings dam at the 
final stage is to be 268 ha, and 
that of the catchment’s area - 
ЗЗО ha [1]. The tailings dam is 
being constructed using the 
downstream method, by 
hydrocycloning. The operation of 
the copper plant was started in 
1981. The tailings dam was 
designed to reach an ultimate 
height of 145 m, and at the end 
of 1992 the height reached 95 m. 
The principal cross section, 
with annual increase of the 
height is given in Fig.1. 
 
Bearing in mind the natural 
conditions of the "tailings dam, 
(the ground water table and the 
compaction of the cyloned sands 
during the operation), the 
experimental study for assessing 
the static and dynamic 
properties of the tailings was 
carried out on samples with two 
densities and water contents, 
corresponding to the stress-
strain states at а depth of 10.0 
m (air-dry, W=10%) and 40.0m 
(saturated).  
 
 
 
 
 
 
 
 
 
 
 
 

3. Basic Tailings Properties. 
 
The physical and mechanical 
properties of the tailings 
deposit were determined by using 
undisturbed and disturbed 
samples taken from different 
depths and different sites of 
the dam. The ground water table, 
during this study was 
approximately 30.00m below the 
top of the tailings dam.  
 
Undisturbed samples were taken 
from three depths (0.5, 6.0 and 
8.0m) by hand drill. The density 
and the water content were 
determined from these samples. 
The other properties (grain size 
distribution, compressibility, 
permeability and shear strength) 
were established using disturbed 
samples.  
 
The compression tests were 
carried out by means of samples 
with initial density 
corresponding to the density at 
the dam surface.  
 
The shear strength tests were 
carried out on prepared samples 
with 50mm diameter and 100 mm 
height under the triaxial 
drained consolidated conditions.  
 
The results obtained are given 
in Table 1 and Fig.2.  
 
 
 
 
 
 
 
 
 
 
 

 

 
 

Fig.1.- Principal cross section of the “Benkovski” downstream tailings dam 
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TABLE 1.-Avегаgе tailings 
characteristics 
 
Characteristics Values 

1.Dry density ρd,g/сmЗ 1.З8 

2. Water content   

-Air-dry., % 10.0 
 -Saturated, % 35.3 
3.Void ratio  0.952 
4.Grain size 
distribution, %  
0.50 - 0.25 mm  11 
0.25 - 0.10 mm  19 
0.10 - 0.01 mm  37 
< 0.01 mm 3 

D50 mm 15 
 5.Coefficient of  
 permeability, k, m/s  

 
8.94х10-5

 6.Аnglе of friction, ϕ  
 -Air-dry 31.50

 -Saturated 15.00

 7.Cohesion, с, kPa  
 -Air dry З0 
 -Saturated 44 
 
 
 

 
Fig.2 Void ratio and dry density 
versus depth 
 
 
 
 
 
 
 

4. Tailings Properties for  
 Static Stress Analysis. 
 
For а complete comprehensive 
analysis of the response of а 
tailings dam to an earthquake, 
it is necessary to perform 
first. А static stress analysis 
to determine the stress 
distribution throughout - the 
dam before the earthquake. The 
determination of the nonlinear 
characteristics of the tailings 
is performed applying the method 
developed by Duncan and Chang 
[2]. This study involves the 
estimation of the experimental 
relations of the relative axial 
strain versus the stress 
deviator. 
 
Poisson's ratio (ν) was 
calculated using test data from 
measuring the volumetric and 
axial strains. No big 
differences were found in the 
Poisson's ratio values for 
different stress-strain states.  
 
The representative experimental 
stress-strain curves, for 
constant confining pressure, are 
presented in Fig.3. 
 
Using of the hyperbolic stress 
strain curves (Fig.3) and their 
linear transformation (not given 
here), the failure ratio is 
calculated by the expression 
[3]: 
 
Rf = (σ1 – σ3)f/( σ1 – σ3)ult   (1) 
 
Where Rf = failure ratio;  
(σ1–σ3)f=stress difference at 
failure; ( σ1–σ3)ult= asymptotic 
value of stress difference; σ1 

and σ3=major and minor principal 
stresses.  
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TABLE 2. Summary nonlinear 
stress strain parameters 
 

Type of 
Tailings ν Rf К n 

Air-dry 0.380 0.960 20.8 0.477

Saturated 0.336 0.843 11.7 0.652

 
The values of the initial 
tangent modulus Еi can be 
calculated from the linear 
transformation curves 
εa = f[εa / (σ1 – σ3)]by the 
relationship [2,5], 
 

Еi. = K.Рa (σ3/Рa)n        (2 ) 
 

where: 
К = modulus number (К = Еi. for 
σ3=1 atm); n = modulus exponent 
determining the rate of change 
of Еi with σ3, n=log(Ei/K) for 
σ3=10 atm ; рa = atmospheric 
pressure in the same units as σ3  
The values of the: nonlinear 
tailings characteristics for the 
two states investigated are 
given in Table 2. 

 

 
 
Fig. 3. Experimental stress-strain 
curves  
 
 

5. Tailings properties for 
Dynamic Stress Analysis. 
 
The dynamic analysis to evaluate 
the seismic tailings dam 
response involves the 
determination of the history of 
the varying stresses during an 
earthquake. To perform such an 
analysis, the dynamic properties 
of the tailings should be 
estimated. This procedure 
involves determination of the 
shear modulus at very small 
levels of strain, the strain 
depending modulus and" damping 
characteristics, and also the 
behavior of the materials of the 
tailings darn under cyclic 
stress. 
 
The dynamic properties are 
usually obtained from field 
tests, Laboratory tests, or from 
the knowledge of the properties 
of similar soils. 
 
The resonant column test device 
and the torsion shear test 
device are more appropriate 
among the laboratory equipment 
for determining the dynamic soil 
properties. However, our 
laboratory has been equipped 
with triaxial dynamic shear 
apparatus with а wide range of 
characteristics: axial loading 
up to 100kN confining pressure 
in the cell up to 1000Pa; 
samples sizes (diameter/height) 
50/100mm, 70/140mm and 
100/200mm; maximum piston 
amplitude – 50mm; frequency 
range from 1х10 to 10 Hz; 
accuracy of stress measuring 0.5 
kPa, and strain measuring 
0.001mm. This apparatus allows 
the performance of large scale 
testing and the determination of 
dynamic tailings properties with 
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accuracy sufficient for the 
design. 
 
Tailings sand specimens with 
100mm diameter and 200mm height 
were prepared by placing air-dry 
tailings sand into the forming 
mould, or by pouring saturated 
tailings sand in the mould and 
then tapping it to obtain the 
desired density. 
 
Tailings sand specimens were 
tested under an isotropic  
consolidation and drained 
scheme, and under а stress-
strain state corresponding to а 
depth of 10.0m (air-dry, W =10%) 
and 40.0m (saturated}.When the 
consolidation process was 
completed а cyclic deviator 
(σdp) with different strain 
amplitude (ε) was applied, and 
after 5 - б cycles unloading and 
reloading, the stress-strain 
hysteresis loops were 
registered. During the cyclic 
loading the volumetric and axial 
strain were measured, and after 
that Poisson's ratio was again 
calculated. 
 
Applying the equations of the 
theory of elasticity, the σ=f(ε} 
hysteresis loops were 
transformed into the τ=f(γ) 
hysteresis loops τ - shear 
stress, γ - shear strain). 
 
If the tailings properties are 
assumed not to change with the 
progression of cycles, then the 
stress-strain curve stays 
unchanged for а constant 
amplitude of the unload-reload 
cycles. Where sufficient number 
of τ=f(γ) hysteresis loops are 
available, the shear 
characteristics of tailings for 

steady-state cyclic loading can 
be represented by the secant shear 
modulus, G, which is defined by  
 
G = τa / γa               (3) 
 
where τa and γa denote the 
amplitude of the shear stress 
and the shear strain.  
 
τa = σdp/2                 (4) 
 
The damping characteristics of 
tailings are presented by the 
damping ratio, D, which is 
defined by  
 
D = ΔW / 4πW                (5) 
 
where ΔW is the damping energy, 
area within the loop, and W is 
the strain energy defined by  
 
W = γa,τa /2                 (6 ) 
 
The results from the computation 
of the dynamic shear modulus and 
the damping ratio for different 
shear strain amplitudes are 
presented in Fig.4. 
 

 
 
Fig.4. – Shear modulus and 
damping ratio versus shear 
strain  
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The dash lines on Fig.4 give the 
relations of the damping ratio 
versus shear strain computed by 
the empirical formula [4]  
 
D = D0(1 - G/G0)           (7)  
 
where D0  is the asymptotic 
damping ratio for the large 
strain (γ=10-6 and G0 is the 
initial tangent shear modulus 
for γ=10-6. . The values of G0 
are computed directly from the 
plots of Fig.4. 
 
G0 can be calculated by 
empirical formula depending on 
void ratio and mean effective 
confining pressure [4].The 
values of D can by accepted [3] 
33% (for air-dry) or 28% (for 
saturated) reduced by lg(N) (N ) 
number of cycles for large 
strain) The corrected relations 
D=f(γ) are represented with а 
full line on the Fig.4. 
 
 
6. Conclusions. 
 
А complete set of data for the 
basic standard tailings 
characteristics, nonlinear and 
dynamic properties are 
estimated. А comparison of the 
values of characteristics shows 
some essential differences 
between the two investigated 
states - air dry (above water 
table) and saturated (below 
water table). 
The results obtained in this 
study will be applied for а 
comprehensive analysis of the 
stresses and strains induced in 
the tailings: dam by earthquakes 
and for determining the 
resulting deformations applying 
the Finite Element Method. 
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