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J.-R. PASTARUS

CALCULATION OF THE SLOPE STABILITY
OF NON-HOMOGENEOUS WASTE PILES

The mineral wealth of Estonia is located in a densely populated and rich-farming
districts. Mining and processing of different resources as well as the resulting
accumulation of waste piles, especially in the depleted open-pit area, sharply disturb
the environment. Weathering, leaching and self-ignition of waste piles may cause an
intensive pollution with toxic chemical substances of both litho- and hydrosphere.
For instance, dictyonema argillites (oil shale) overlapping the phosphorite seam at
the Kunda phosphorite deposit (Fig. 1) contain sulphides, titanium, vanadium, etc.

Dictyonema argillites accumulated in waste piles and being undergone thermal
destruction are the main suppliers of the chemical pollutants to the environment. In
open-pit waste waters, the concentration of some toxic chemicals exceeds the allowed
levels and the leaching process may last for hundreds of years. More over, through
the hydrosphere these toxic chemicals enter the food chain and their accumulation
in plants may result in raizing of their concentrations those being 1.5—21.8 times
higher as compared to numbers for plants growing at natural conditions [1].

One of the possibilities to protect the environment is to place a layer of dictyonema
argillites between the barrier layer and thus to reduce its weathering and seepage tc
the level allowed for the leaching water (Fig. 2). This barrier layers Hxst consis!
of ocally available material. At the above-mentioned Kunda deposit, it is clay, its
seam thickness about 2.5 m. Two additional layers (0.2—0.3 m thick) of crushed
limestone will raise the pH-value of the seepage water. To protect the barrier layers
and to use the low-quality limestone seam in overburden of the deposit, a 10—15 m
thick layer is placed on the top of a waste pile. Here appears the problem of stability
of a non-homogeneous waste pile.

The first step in the decision of the above problem is determining the plastic, or
‘elastic, height of waste pile. Assuming a Mohr-Coulomb failure criteria for rock
material, the conditions of plasticity are calculated as in [2, 3]:

Cross- |Thick- Characterization
section |ness, m of Rocks

j 8.0-12.0 Low-quality limestone

30.8-1.01Glauconite sandstone —

Clay

///////‘//,.01-8';2:3 Dictyonema argillite

Quartz sandstone

; ; Phosphorite
Fig. 1. The cross-sections

of overburden at the Kunda deposit

Aleurolite



https://doi.org/10.3176/oil.1993.2/3.07

Calculation of the Slope Stability of Non- 160

Homogeneous Waste Piles:  J.-R. Pastarus.

2C cot(45° - ¢/2)

Hiite
y(sin 2a + v/1 - vcos 2q)

P

1)

where C = cohesion, MPa;
¢ = angle of friction, degree;
v = density of the rock, MN/n?’;
o = angle of slope, degree;
v = Poisson’s ratio.

If the waste pile height is more than the value of H, a zone of plasticity appears in
the bottom layer. Subsequent increasing the height of a waste pile the stress remains
constant but dimensions of a plastic zone increase. In case the waste pile height
exceeds the H, value it is necessary to take into account the plastic behaviour of the
rock. The mvestlgatlons have demonstrated that the plastlc zone appears if the factor
of safety is equal to 4—5 [2].

For the practical application and the analysis of the plastic behaviour of the rock
it is convenient to divide the above formula (1) into two parts:

H = lﬁn K Cn

where Hy, = the height of a vertical slope, m;
K, = coefficient of stability.
The second step is determining the stable, or critical, height of waste pile at which
the layers lose their stability. The methods applied for the stability analysis of waste

pile are basically derived from the methods originally developed for the analysis of
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Fig. 2. The construction of a waste pile protecting the environment from the dictyonema
argillites influence: clay layers (I and 3), dxctyonema argillites (2), limestone (4), thin layers
of limestone (5)
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the slope stability. They are based on the solution of the equations of equilibrium
where the shape of the shear surface is important. There are two main groups of the
above solutions for the cylindrical failure surfaces and for the plane ones. The shape
of the shear surface depends on geological and rock mechanics parameters as well
as on geometrical dimensions. The investigations have demonstrated the increasing
of the radius of cylindrical surface if the strength parameters of the rock decrease.
In such cases the cylindrical failure surface approaches to plane one [2].

The stability of waste pile can be calculated using the expression presented in [4]:
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where v, , v, = density of layers, MN/m?;
H, h = thickness of layers, m.

Since the calculations of the equations (1)—(3) are cumbersom and time-
consuming, their results are presented in Figs 3 and 4, and in the Table.

These figures characterize the plastic limit of thickness of a clay layer with a
vertical slope and the stability coefficient for layers with various slope angles
correspondingly. :

The mechanical parameters of clay are as following: C = 20 kPa, ¢ = 10°,
v = 0.4 and y = 22 kN/m’. In these caiculations the thickness of a clay layer with
vertical slope is equal to 2.1 m and that of a clay layer having slope angle 30° is
equal to 2.6 m (Figs 3 and 4). In case the height of a waste pile or the thickness of
a clay layer exceeds 2.1 m and 2.6 correspondingly, a plasticity zone appears in a
bottom layer.

The Table presents the stable height of a waste pile depending on the slope angle
and the thickness of top layers. In case the slope angle is 30°, the stable height of
a waste pile is 28.9 m, if the thickness of top layers is 5 m, the above height is
18.9 m. If the thickness of top layers is over 14 m, the bottom layer of clay loses
its stability.

Layer thickness (m)

Friction angle (deg)

Fig. 3 The dependence of the thickness of a layer with a vertical slope on the friction angle
and 2C/a ratio; 2C/a = 6 (1); 5 (2); 4 (3); 3 (4); 2 (9)
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Summing up, the maximum tolerable geometrical dimensions of a waste pile and
its layers are calculated using the suggested method. At the same time, in fact these
parameters depend on the quality of the rocks overlapping the phosphorite layer and
on the mining technology.
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Slope angle (deg)

Fig. 4. The dependence of the stability coefficient on the slope angle and Poisson’s ratio:
Poisson’s ratio is equal to 0.1 (Z); 0.2 (2); 0.3 (3); 0.4 (4); 0.5 (5)

The Stable Height of a Waste Pile

Slope Layers thickness, m "

50 60
0 Inf. 78.5 28.9 16.7 11.4 8.5 6.6 S2 4.2
1 Inf. 76.5 26.9 14.7 9.4 6.5 4.6 32 2:3
2 Inf. 74.5 249 12.7 7.4 4.5 2.6 X2 0.2
3 Inf. 2.5 229 10.7 5.4 2.5 0.6
4 Inf. 70.5 20.9 8.7 3.4 0.5
5 Inf. 68.5 18.9 6.7 1.4
6 Inf. 66.5 16.9 4.7
8 Inf. 62.5 12.9 0.7
10 Inf. 58.5 8.9 =
15 Inf. 48.5
20 Inf. 38.5
25 Inf. 28.5
30 Inf. 18.5

N o te. Inf. = infinite.
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IO.-P. IIACTAPYC
PACYET YCTOMYMBOCTH OTBAJIOB CJIOKHOI'O CTPOEHHMA
Pesrome

B DCTOHMM I0JIE3HBIE MCKOIaeMble pa3padaThIBAIOTCS TIaBHBIM 00pa3oM B Ipeleliax
TrYCTOHACEJICHHBIX PaOHOB. IIpH 3TOM BONPOCHI 3aIMUTHI IPUPOJHOH CPEIbI BCTAIOT
0COOEHHO OCTPO, H TeM 0oJice IS MECT, IJie YacTO BCTPEYAIOTCS CJIOM INIMHHCTOIO
IUKTHOHEMOBOTIO cllaHIia (puc. 1). BennenaynBaHue, caMOHArpeBaHue ¥ CaMOBO3rOpaHKe
€ro OTBAaJIOB CTAHOBATCS NMPUYHHONW HHTEHCHBHOI'O 3arPS3HCHHS OKPYXKaIOLEH Cpelbl
— Kak JIMTO-, TaK M THApocdepbl — OOJBIIHM YHCIOM BPEOHBIX XHUMHYECKHX
COCIUHCHUM.

Y106l CBECTH Ha HET maryObHOe SKOJOTHYeCKOE BO3[CHCTBUE NUKTHOHEMOBOI'O
CJIaHIA, er0 CJIOH [eJIec000Pa3HO H30JHPOBATh, 3aKIII0OYast MEXIY CJIOSIMU INIUHBI (PUC.
2). IIpy TakOM mOAXOHe K STOM Ipo6iieMeé BO3HHMKAeT BOMPOC 00 YCTOMYUBOCTH
nogo6HOro OTBala.

PerneHue OCYIECTBISAETCS B [Ba Tala: ONPEHeIAIOT (a) YIPYIyI0, HIIM IIaCTHYECKYIO,
BBICOTY OTBaja M (0) YCTOMYHBYIO, WM KPUTHYECKYIO, BBHICOTY OTBaja. I 3TOro
pa3pa60TaHa MeTOJMKA pacyeTOB M JIOKa3aHa CIIPABEIJIMBOCTh MCIIOJIb30BaHUS
MPENJIOKEHHBIX GOPMYIT ONPENCICHUSA YCTOMYHUBOCTH.

PesynbTaThl HCCIENOBaHHS IpelcTaBieHbl B BHIe rpadMKOB (PUCYHKH 3 U 4) U
Tabmanpl. JI0Ka3aHO, 4YTO -IUIaCTHYECKass BbICOTAa IVIMHUCTOrNO OTBajla B clly4yae
BEPTHKAJLHOI'0 OTKOCA paBHA 2,1 M, B ciIy4yae 0TKOca ¢ yriioM 30° — 2,6 M. YcToH4YHUBasi
BBICOTA IIMHHUCTOTO OTBalla, UMeIoIero oTkoc 30°, cocrapisier 28,9 M. Ecitd MOIHOCTH
HA[CTHJIAIOMIHUX NMOPOM NpeBblmaeT 14 M, CJIOH I'NTMHBI TePSAET YCTOMYUBOCTD.

Pe3toMupysi, MOXHO CKa3aTh, YTO MaKCHMAaJbHO MOIYCTHMbIE MOIIHOCTH CIIOEB U
BBICOTA OTBaJla ONPEHEISIOTCS MO BBIIEH3IOXKEHHON MeToAUuKe. [IeHCTBUTEIILHbIEC Xe
mapaMeTphbl 3aBUCAT OT KayecTBa MOPOJ B MOKPBIBAIOLIEH TOIe Mi1acTa pochopHuTa U
OT TE€XHOJIOTHH BeJIeHUS FOPHBIX paboT.
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