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Rhéologie stability of a clay rock mass 
Stabilité rhéologique d’un massif argileux

P. Stoeva, P. ziatanov & G.T rapov -  University of Mining and Geology 'St. Ivan Rilski’, Sofia, Bulgaria

ABSTRACT : The change in the characteristics, to a varied extent and at different levels, in the working benches of the large opencast 
mines (Bulgaria) poses a considerable problem related to the local stability of the mines and to the main highwalls. The physical model 
chosen for estimating the rheoligic stability of the beaches represents a homogeneous clay rock mass with respect to the composition, 
physical and strength properties. When these benches are subjected to continuous loading, the rock mass becomes three- or four-layered 

with altered strength characteristics as a result o f changes in the moisture regime and loading / unloading conditions.
The rhéologie stability o f the benches is based on corrected numerical stability parameters as regards swelling, compression and 

relaxation. The following correction coefficients are introduced: swelling coefficient (Ks) and relaxation coefficient (Kk).

For an initial moment (t0) we have obtained empirical laws of distribution for the corresponding numerical index (p, <p, c). The same 

procedure is used for several successive moments. The index obtained for the rhéologie stability under these conditions forms a zone 

which defines its most probable value as a function o f time.

RÉSUME. Le changement de la résistance des argiles constituées des paliers technologiques des mines à ciel ouvert (Bulgarie) au degré 

et au niveau différents est un grand problème. Il est lié à la stabilité locale dans les mines aussi bien qu’à la stabilité des pentes générales. 
Le modèle physique qui est choisi pour l’estimation de la stabilité rhéologique des paliers, représente un massif argileux par rapport à la 

composition, aux propriétés physiques, et à la résistance.Après la formation des paliers qui restent longtemps découverts, le massif se 

transforme en un massif de trois- et de quatre couches avec un changement de la résistance. La transformation est résultat de changement 
du régime d’humidité et des conditions de chargement et de déchargement.

La stabilité rhéologique des paliers se base sur les paramètres du calcul, corrigés par rapport au gonflement et à la relaxation. Les 

coefficients de correction intraduits sont suivants: coefficient de gonflement (Ks) et coefficient de relaxation (K/,).

On a estimé les lois empiriques de distribution des paramètres de calcul (p, (p, c) pour un moment primaire (t„). De la même manière on 

procède aux quelques moments successifs. Les indices de la stabilité rhéologique obtenus pour les condition concrètes forme une zone 

qui détermine leurs valeurs probables en fonction du temps.

The East Maritsa tertiary coal basin (Bulgaria) is built up of 

overcoal and undercoal multilayer clay complexes with netlike 

jointing and two coal seams. When mining the coal in the large 

opencasts, the unloading processes cause changes in the bench 

clays to a different degree and at different levels. This poses a 

considerable problem with regard to both the local bench stability 

and the highwalls. At the same time the coal mining technology 

is disturbed thus causing: a) a decrease in the excavators output;
b) a failure in transport communications and drainage systems.

In all assessments of the bench stability made so far a scheme 

has been used which corresponds to a deformation process under 

instantaneous unloading. In the real mine conditions, due to the 

specificity o f the technology, the development and extraction 

benches stay unrefreshed for a long time. On the one hand this 

results in the accumulation of irreversible deformations and on 

the other hand it brings about a change in the clay properties due 

to both the stressed state (different stresses and relaxation 

processes under unloading) and a variable moisture regime. This 
complex of conditions and factors determine the long-term 

stability of the clay benches. Therefore the need arises to develop 

a method for assessing the rheoligic behaviour of the clay rock 

mass.
The physical model chosen for the pioneer bench, immediately 

after stripping the overburden, is homogeneous (one-layer) in 

respect o f composition, physical, strength and deformation 

properties (Todorova & Stoeva 1976). During the long-term 

existence of these benches the rock mass becomes two-, three-, 
four-layered as a result o f the change in the moisture regime in 

depth (Fig. 1 a, b).
The rheologic bench stability is based on corrected calculation 

parameters with respect to swelling and relaxation.
The following correction coefficients are introduced:
- Swelling coefficient -

f(cr,Ss, W„Ws,Ms,ts,p„psw),

where: cr- normal stress; S -  swelling deformation;
W„- natural water content; Ws - swelling moisture; M, - 

montmorillonite content; /s- swelling time; p„- in-situ density for 

natural water content; psw- in-situ swelling density.

Figure 1 : a - three-layered bench; 
b - four-layered bench
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The swelling coefficient can be represented as a summarized 

expression by the following equation:

r , ( g . / )

rn( a . i )
(1)

where the respective tangential stresses r , (after swelling) and r„ 

(in undisturbed state) include all the above-mentioned 

characteristics.
- Relaxation coefficient

K« = g(H .pn, M„ t„),

where: yH - geological load at a given point, p R- stress after 

relaxation under unloading, tR- relaxation time.
The summarized expression for KR under relaxation is

(2)

where: t r  is the shear strength after relaxation.
In the bench stability assessment a potential circular- 

cylindrical sliding surface is assumed (Fellenius 1927), 
established in-situ after the bench fails.

The clay properties and the respective calculation parameters 
immediately after the bench formation (at moment to) and all 
other changes (at moments ti and f>) were tested in the laboratory 

whereas the change in the conditions was checked in the rock 

mass (Todorova & Stoeva 1975).
For the moment to Ks= 1 (Todorova & Stoeva 1976) and KR=\ 

(Fig.2). The relaxation process starts at a maximum shear stress 

( Tj- Fig.2 b) and ends at r;. In the relationship "deformation
time" (Fig.2 a) the creep curve at r.. and r,. is o f interest. In this 

case the creep deformation (in the inetrval B - M) is 

superimposed with the relaxation (Fig.2). After point M the creep 

continues with a steady speed (at r>.) or slows down after point C 

(at r,.).

Figure 2: a - kinetic rhéologie curves at shear stresses C 

b - relaxation curve

For the moment tt (r, = 2-3 days) the bench clays swell in its 
upper part at a depth of /, = 1.5 m and in the bench toe at a height 
of hs »1 . 0  m. The swelling is determined by the water infiltrated 

through the cracks in the upper part o f the bench as a result of 

precipitation (rainfall, snowmelt), drainage of intercepted sand 

lenses. In the bench toe the water comes from poorly constructed 

drain ditches and from the ballast prism of the railway track in 

platforms with adverse grade. Under these conditions the bench is 

transformed into a three-layer rock mass according to Figure 1 a - 
first layer and third layer are changed whereas second layer 

preserves its properties. The correction coefficients for this case 

comply with the strength properties according to the given

formula (1) and the bench depth. For the first layer K,s = 0.38, for 
the second layer (unswelled) Ks = 1.0, and for the third layer Ks =
0.63 (Fig. 1 a). The data about the swelling and the respective 

correction coefficients were obained by laboratory testing  

(Todorova & Stoeva 1976).
The relaxation coefficient for moment t, is Ku =1.0 since in this 

short interval no structural changes occur, neither with respect lo 
the relaxation nor with regard to the creep (section A - B, Fig.2 a 
and b).

After some time, at moment t2 ~ 30 days the process of clay 

swelling in the bench continues. Now the bench turns into a four- 
layer rock mass. The upper swelling zone increases up to h, * 2.5 

m. Due to the simultaneous development of creep deformation 

crack occur along the potential sliding surface which favour the 

infiltration of water so that part o f the surface at a depth o f  /i,+ 

hf= 2.5 + 5.0 m swells and decreases its strength properties. In 
the bench foot (toe) the height o f the zone is ht ~ 1.0 m. The 

respective correction coefficients under swelling are: first layer -
0.38, second layer - 0.50, third layer (unchanged) - 1.0 and fou nh  

layer - 0.63.
The relaxation and creep at moment are related to partial 

structural changes for which a relaxation coefficient Kk = 0.9 has 
been established.

On the basis o f the above-mentioned conditions and co rr e c tio n  

coefficients a software program was designed which takes into 

account all changes in the process o f transformation of the bench  

from a single-layer into three- and four-layer rock mass. The 

simulation of the studied bench deformation process was 

performed by using an original program implementing the 

algorithm presented in a summarized form in Figure 3.
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The input data (block 1) are as follows:
- a set of experimentally obtained values for the in-situ density;
- shear strength values obtained in laboratory testings of 

undisturbed and unchanged (by swelling and relaxation) samples, 
obtained for normal stresses cr= 100; 300; 500 and 700 kPa.

- correction coefficients for the swelling (A'v), relaxation (Ku) 

and in-situ density (Kp);

- geometrical parameters o f the bench (angle of slope a  and 

height H).
At the initial moment (/ = t„) the bench is single-layered 

according to deformation behaviour and composition and after 

checking in block 3 actions continue to be performed in block 5.
Block 5 includes the generation of evenly distributed random 

numbers in the interval [0; 1 ]. These numbers are used to obtain 

ihe values of the in-situ density and shear strength at the 

respective normal stresses.
The program permits, on the basis o f experimantally obtained 

distributions, to accomplish imitation simulation of the 

thicknesses o f the respective layers.
From the established dependence a  = g(r) (g is the inverse 

function of function t  = are determined the values of the 

angle of internal friction (cp) and cohesion (C).
For moments t = tt and / = t, the actions in block 4 are 

performed which are related to the correction of the values for the 

in-situ density and the functional dependence a =  g(r) which, by 

using the least square method, is sought for in the form 

a= A t ? +  B t  +  D

In block 6 is accomplished the calculation of the stability 

coefficient (F) by the known method (Fellenius 1927).
The strength parameters <p and C are obtained in accordance 

with the output and changed rock mass properties (Table 1):

T able 1
pick stresses ( x j) particular stresses (r,.) residual 3tiesses(z>)

since there are no ready sliding surfaces which determine the 

instantaneous failure of the bench. A reliable calculation 

parameter for the shear stress is the partial strength (r„). The 

theoretical results obtained by its values for F(t) correspond to 

the real stability state of the studied bench. The shaded zone in 

Figure 4 corresponds to the three-sigma interval for the values of 

the stability coefficient. The confidence intervals for the mean 

value of F(t) at moments in, t¡ and t2 are as follows: 1.38 - 1.39; 
1.089 - 1.091; 0.940 - 0.944. The confidence interval for t = t2 

corresponds to the practical long-term deformation behaviour of 

the rock mass, i.e. slide phenomena occur. This requires periodic 

refreshing of the working benches.
The method proposed for the rheologic stability of clay rock 

masses after unloading is aplicable for open-pit mines and other 

excavation works.
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<t, kPa r, kPa
100 102
300 128
500 136
700 136

cr, kPa r, kPa
100 74
300 92
500 100
700 106

cr, kPa t , kPa
100 35
300 48
500 59
700 65

After reaching the pre-set number of values for the stability 

coefficient at each moment (I = t,h t,, /_,), statistical processing is 

performed (block 10) by using the software package 

STATGRAPHICS.

t, days

Figure 4. Relationship between the stability coefficient (F) and 

lime (t) for a clay rock mass changed to a different degree.

The results obtained are presented graphically in Figure 4. The 

analysis for F(t) at a full and residual strength and the 

comparison with the actual state of the slope shows that it is not 
possible to use the full strength ( tj) because o f the presence of 

netlike jointing. The case with the residual strength ( t ,) is similar
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