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Abstract
Coal-mining wastes are used for engineering purposes mainly as a building material for hy-
draulic and road embankments, as well as land levelling. Determination of compressibility
and shear strength parameters is indispensable to determine the usefulness of coal-mining
wastes for the above mentioned purposes. Due to the coarse-grained character of minestone,
testing their geotechnical parameters should be conducted in situ (test loads) or in the lab-
oratory in medium and large-size apparatus. The paper presents results of compressibility
tests on unburnt coal-mining waste from Anna mine in the Upper Silesian Region. They
were carried out in a prototypical medium-size oedometer (h = d = 374 mm), constructed
in the Geotechnical Laboratory of the Department of Soil Mechanics and Earth Structures,
Agricultural University of Kraków. The tests aimed at the determination of the influence of
compaction and saturation of coal-mining wastes on the process of their consolidation, as
well as on the magnitudes of settlement and compression moduli. Initial moisture content of
the samples (close to the optimum one) was constant and compaction index changed (from
IS = 0.88 to IS = 1.00); some samples were saturated prior to the loading. As a result of the
tests, it was found that the slightly compacted wastes (IS = 0.90) are significantly suscepti-
ble to saturation, whereas more compacted wastes (IS = 0.95 and 1.00) are insignificantly
susceptible to it. High compaction of coal-mining wastes has significant influence on the
more even course of consolidation process and decrease of settlement. It is essential in case
of using wastes for construction of embankments, especially those which are subject to the
influence of water, for example embankments of ash ponds or flotation slurries. In that case
the wastes should be compacted to the maximum extent at the optimum moisture content.

Key words: anthropogenic soils, colliery spoils, compressibility, middle-size oedometer
tests

Notations

IS – compaction index [-]
M – secondary compression modulus [kPa]
M0 – primary compression modulus [kPa]
β – consolidation index [-].
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1. Introduction

Production, deposition and utilisation of wastes pose a serious problem for the local
authorities, industry management and the natural environment. The matter concerns
especially bulky wastes such as by-products of natural resources processing and the
mining industry.

The choice of a means of utilisation of wastes depends on technical and eco-
nomic factors, as well as the fulfilment of the environment requirements. One of the
forms of their recycling is utilisation in engineering works as a structural material
for water and road embankments.

A significant amount of colliery spoils is stored on spoil heaps, as well as
in mining sinkholes and old sandpits. Nowadays, there is a tendency to use such
grounds as building sites for housing and industrial engineering. Hence, behaviour
of these wastes as a building material or subsoil, is essential, as is the necessity
to carry out geotechnical tests of their properties. The basic problem in testing
coarse-grained materials (such is usually minestone) is proper choice of test equip-
ment. Due to grain composition of these materials, field-tests or tests in medium
or large size apparatuses should be carried out. An analysis of the results obtained
from such tests is the basis for the assessment of usability of colliery spoils, as
anthropogenic building soils, which may also constitute subsoil for foundations and
embankments.

The aim of research presented in this paper was the determination of influence
of compaction and water conditions on a course of changes and magnitudes of
settlement and compression moduli for chosen minestone – unburnt colliery spoils
from the 30-years old damping site of the Anna mine in the Silesian Region in
Poland.

2. Material Characteristics

The main components of the petrographic composition of colliery spoils constituted
claystone chippings, which amounted to 81%, the share of mudstone was significant
and equal to 14%, there also being a small amount of carbonaceous shales (2%),
sandstone (2%) and coal (1%). Predominant share of dense claystone and mudstone
with massive structures means that tested minestone is well resistant to weathering
and mechanical disintegration. Geotechnically, colliery spoils can be regarded as
a gravel of a very non-uniform granulation (Table 1). Contents of chippings equiva-
lent to gravel and cobble fractions was predominant (around 82%), whereas shares
of grains equivalent to sand fraction (12%) and silt and clay fraction (over 6%
altogether) were significantly smaller.

Comparison of parameters describing compactibility, that is maximum dry den-
sity (1.95 g/cm3) and optimum moisture content (8.3%), with equivalent parame-
ters of colliery spoils from other mines such as Makoszowy or Sośnica (1.77–1.81
g/cm3 and 7.8–9.6% respectively (Zawisza 2001)) shows that the values of optimum
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Table 1. Geotechnical properties of the colliery spoils from Anna mine

Parameter Value
Fraction content [%]:
– cobbles > 40 mm 16.45
– gravel 40–2 mm 65.5
– sand 2–0.05 mm 12.0
– silt and clay < 0.05 mm 6.1
Uniformity coefficient 33
Specific gravity [g/cm3] 2.38
Maximum dry density [g/cm3] 1.95
Optimum moisture content [%] 8.30
Angle of internal friction [0] 39.3∗

Cohesion [kPa] 29.9∗

*Gruchot (2003)

moisture content were similar. On the other hand, maximum dry density of colliery
spoils from Anna mine was visibly higher than the values obtained for the colliery
spoils from the other mines mentioned, which was caused by the differences in
their petrographic composition. In the wastes from Anna mine dense claystone and
mudstone predominate at the small contents of coal (1%), while in the wastes from
Makoszowy and Sośnica mines clay rock predominates, at the small contents of
mudstone (1%) and fairly high contents of coal (about 10%). Parameters describing
shear strength of wastes, determined at the compaction index 0.95 and the moisture
content 8%, were relatively high. The angle of internal friction was equal to more
that 39◦ and the cohesion was about 30 kPa. Due to the small contents of fine
fractions, cohesion of colliery spoils is caused mainly by wedging and meshing the
pieces of wastes together, like it was depicted in coarse-grained mineral soils (Wiłun
2000). Similar values of strength parameters of colliery spoils from Uppersilesian
Coalfield were obtained also by other authors (Broś et al 1970, Michalski 1978,
Kawalec 2000).

3. Methods of Tests

Compressibility tests were carried out in a prototypical medium-size oedometer
(Fig. 1) designed and constructed in Geotechnical Laboratory of the Department of
Soil Mechanics and Earth Structures, Agricultural University of Kraków (Design...
2000, Dzierwa 2004).

It consists of an inner cylinder with a diameter and a height of 374 mm, where
samples for compressibility tests are formed, an outer cylinder of a diameter of
545 mm and a height of 570 mm used for saturating the samples. Saturation is
performed from the bottom of the sample through a porous filter by filling the
space between the cylinders with water. Dimensions of the oedometer cylinder make
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Fig. 1. Structural diagram of the medium-size oedometer (dimensions in mm) (Dzierwa
2004): 1 – base of the oedometer, 2 – inner cylinder, 3 – bottom plate, 4 – upper lid,

5 – filters, 6 – outer cylinder, 7 – bolts fixing the cylinder to the base, 8 – dial gauges,
9 – supports of lever arm, 10 – mandrel for relaying the load, 11 – lever arm, 12 – hangers
with rods for loads, 13 – loads, 14 – discharge valve for water, 15 – hoist post, 16 – hoist
arm, 17 – pulleys, 18 – hoist, 19 – steal cable with a hook, 20 – handle for replacing the
hoist, 21 – manoeuvre base of the cylinder, 22 – handles, 23 – fastener beam, 24 – crutch,

25 – pin
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possible carrying out tests on a coarse-grained material, from which the greatest
grains should be removed. It stems from the necessity of fulfilling the conditions
of retaining the proportion between the diameter and the height of the sample, as
well as the diameter of the greatest grain of the tested material and the diameter of
the sample corresponding to the dimensions of the oedometer cylinder:
– according to Żurek (1969) D/h = 1, and D/dmax > 5,
– according to Nicziporowicz after Pisarczyk (1995) D/dmax = 4–8,

where:

D – diameter of the sample [mm],
h – height of the sample [mm],
dmax – maximum diameter of grains [mm].

A vertical consolidation load is applied mechanically, by a system of levers at
a leverage of 1:10. Two dial gauges make measurements of consolidation settle-
ments.

The tests were carried out on the wastes of the granulation less than 60 mm.
They were regarded as representative for the wastes of natural grain-size distribution,
since the share of the fractions less than 60 mm was 80 to 90% of all the fractions
of the wastes. The samples were formed by the compaction of 62-mm thick layers
of the material in the oedometer cylinder up to the height of 372 mm.

A detailed range of compressibility tests was established on the basis of the tests
on the colliery spoils sample of the moisture content of 8.8% (close to the optimum
moisture content) and the compaction index of 0.88. The sample was gradually
loaded up to 0.80 MPa, and each step of load (0.02, 0.05, 0.10, 0.20, 0.40 and
0.80 MPa) was held till the end of consolidation process. After the consolidation
was finished, the sample was unloaded, then reloaded up to 0.80 MPa, and then
saturated. On stabilisation of the settlement caused by saturation, the sample was
unloaded and its moisture content and grain-size distribution were determined to
specify changes caused by consolidation due to loading and saturation.

4. Test Results and their Analysis

The results of the initial compressibility tests of the sample of colliery spoils enabled
the assessment of the proper functioning of the prototype medium-size oedometer
and the correctness of the research method applied. At the same time they consti-
tuted the basis to specify the range of compressibility tests of waste materials.

4.1. Checking the Prototype of the Medium-Size Oedometer and Establishing
the Detailed Range of Compressibility Tests

The initial tests carried out proved that the structural scheme used in prototype
oedometer meets the requirements regarding proper and functional work of com-
ponents and the apparatus as a whole. The outer cylinder and filters make possible
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saturation of samples, lever system of loading provides the means for loading and
unloading samples with steps of given size and full stability in any period, and the
chain hoist enables one to manoeuvre safely the cylinder with the heavy weight
sample.

The results of the tests show that along with increasing the load, the time of the
consolidation extended and was equal up to 35 days when the primary load was
0.80 MPa (Table 2). The time of the relaxation was 11 days, and with the secondary
load – 15 days. Saturation lasted next 15 days.

Table 2. Compressibility parameters of colliery spoils at the compaction index IS = 0.88

Range of load Time of Settlement/ Compression modulus:
applied/removed consolidation/release relaxation primary/decompression/secondary

[MPa] [days] [mm] [MPa]
Primary load

0.00–0.80 35 17.86 16.65
Removal of load

0.80–0.02 11 1.45 615.21
Secondary load

0.02–0.80 15 2.14 129.58
Saturation 15 0.25 –

After saturation
0.02–0.80

30 2.39 –

The consolidation curves (Fig. 2) show that the main settlement, both for the
primary and secondary load, occurred just after applying each consecutive step of
loading and during several following hours, whereas further settlement was rela-
tively small. For the initial steps of loading the increase of the settlement in time
was insignificant. As the load increased, the settlement in time increased, which is
especially visible for the greatest step of loading (0.80 MPa). Insignificant irregu-
larities of the consolidation curves occurred probably due to destroying edges or
crushing bigger and weaker pieces of rocks.

The curves of compressibility (Fig. 3), both primary and secondary are nearly
rectilinear, but the curve of primary compressibility is steeper (high settlement),
and secondary compressibility less steep (small settlement).

The primary compression modulus (M0) was equal to about 17 MPa and the
secondary compression modulus (M) was around 8 times bigger, in the order of 130
MPa. The consolidation index (β = M0/M) was equal to 0.13 only, which results
from a high compressibility of coal-mining wastes when primarily loaded.

When the consolidation ended at 0.80 MPa, the sample was saturated for 15
days, which resulted in a small additional settlement equal to 0.25 mm (0.07% of
the sample height) and also slight increase of moisture content (0.20% in relation
to the initial moisture content).
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Fig. 2. Consolidation curves for the colliery spoils at the compaction index IS = 0.88

As a result of the material compaction and the loading (as well as saturation
in the last stage of the tests), an essential change in grain-size distribution ensued.
Cobble fraction content diminished by 7.5%, gravel and sand fraction content in-
creased by about 6%, and silt and clay fraction by about 1.5%. Uniformity coefficient
increased almost three-fold, so the material became better graded.

The results of the initial tests were recognised as credible. On this basis the
detailed range of compressibility tests of the colliery spoils was specified, with the



44 K. Dzierwa, E. Zawisza

Fig. 3. Compressibility curves for the colliery spoils at the compaction index IS = 0.88

assumption of loading the samples up to 0.40 MPa and keeping four consecutive
steps of load (0.02, 0.05, 0.10 and 0.20 MPa) for 1 day each, whereas the last step
of load (0.40 kPa) should be held till the end of consolidation process.

The aim of the tests was the determination of the influence of compaction and
saturation on the course of the consolidation process and the magnitudes of com-
pression moduli of coal-mining wastes. To show the influence of the compaction on
the compressibility, the tests were carried out on the samples of the same moisture
content (w � wopt) and different compaction (IS = 0.88, 0.95, 1.0). To show the
influence of saturation on the compressibility at the given compaction, the tests
were carried out on the samples formed also at the optimum moisture content but
saturated before loading. Unsaturated samples of colliery spoils were additionally
saturated on the termination of consolidation.

4.2. Influence of Compaction and Saturation on the Compressibility of
Colliery Spoils

The time of consolidation of unsaturated coal-mining wastes under primary load
was diminishing from 21 to 13 days in accordance with the increase of the com-
paction index from 0.88 to 1.0 (Table 3). Saturated wastes had the shorter time
of consolidation, i.e. from 20 to 8 days for respective compaction indexes. The
time of consolidation of the more compacted wastes in comparison to the less
compacted ones was shorter also at the secondary load. It follows that the higher
initial compaction and saturation speeds up the consolidation of colliery spoils.
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Table 3. Time of consolidation of the colliery spoils from Anna mine

Compaction index
Time [days]

primary load removal of load secondary load
unsaturated samples saturated samples

0.88 21 20 – –
0.95 19 10 1 23
1.00 13 8 1 7

The course of consolidation process of the colliery spoils tested can be well
depicted by primary compressibility curves drawn up as a dependence of void
ratio on effective stress (e − logσ′, in logarithmic scale). Linear dependence e −
logσ′ corresponds to the normally consolidated soils, a slope of the straight line
corresponds to the compression index, which is constant regardless of the load
(Glazer 1985, Woźniak et al 1999). Downward curvature (the curve slightly concave)
characterises remoulded soils of a sensitive structure, whereas upward curvature
(the curve slightly convex) characterises preconsolidated soils. Non-linearity or the
relation e − logσ′ causes changeability of the compression index. The value of this
index can be calculated using the formula (Pisarczyk 1999):

Cc =
∆ei

∆ logσi
=

ei−1 − ei

log
σι
σi−1

,

where:

Cc – compression index [-],
∆ei – decrease of void ratio along with increase of stress by ∆σi [-],
ei−1 – initial value of the void ratio [-],
ei – value of void ratio after increase of strength [-],
σi – final stress [MPa],
σi−1 – initial stress [MPa].

Woźniak et al (1999) obtained compressibility curves slightly concave for
dumped soils, whereas slightly convex for a composite of dumped soil with 50%
(by weight) of flying ash.

In the presented tests of colliery spoils, conditions of the water outflow from
the samples towards the top and bottom filter were favourable, therefore it was
assumed that the effective stress after consolidation under the given step of loading
corresponded to the value of this loading. The character of compressibility curves
in the system e − logσ′ (Fig. 4) in case of moderately compacted samples, both un-
saturated and saturated, corresponds to preconsolidated soils (visibly convex shape
of curves at the greater values of load). In case of compacted and highly compacted
unsaturated and saturated samples, chart lines are quasi-linear, which corresponds
to normally consolidated soils.
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Fig. 4. Primary compressibility curves e − logσ′ for the colliery spoils

For the analysis of parameters of the compressibility of colliery spoils, the
values of settlement (Table 4) were given as their percentage of the initial height
of the sample (relative deformation), whereas the values of compression moduli –
as the average for the applied range of load (Table 5).

It was found that the deformation of unsaturated moderately compacted wastes
(IS = 0.88) under the primary load was 2.6%. The deformations of unsaturated
compacted (IS = 0.95) and highly compacted (IS = 1.0) wastes were much smaller
and equal respectively to 1 and 1.5%. Saturation under the load of 0.40 MPa
caused an additional deformation which was insignificant (0.13, 0.10 and 0.02% at
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Table 4. Deformations of the colliery spoils from Anna mine

Compaction index
Deformation [%]

primary load removal of load secondary load
unsaturated samples saturated samples

0.88 2.63 3.68 – –
0.95 1.04 1.07 0.28 0.39
1.00 1.54 1.06 0.22 0.28

Table 5. Compression moduli of the colliery spoils from Anna mine

Compaction index
Compression modulus [MPa]

Consolidation indexprimary secondary
unsaturated samples saturated samples

0.88 15.17 10.85 – –
0.95 38.46 36.37 98.05 0.37
1.00 25.98 37.63 135.48 0.28

the compaction index IS = 0.88, 0.95 and 1.00 respectively) and decreased down
to zero along with the increase of compaction, which is depicted in Figure 5. It
results from the high consolidation of wastes.

Fig. 5. Additional deformations after saturation of samples versus compaction index

The primary deformation of saturated moderately compacted wastes (3.7%) was
visibly bigger than the deformation of the unsaturated wastes. The deformation of
saturated compacted wastes (1.07%) was close to the deformation of the unsatu-
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rated compacted wastes, whereas the deformation of the saturated highly compacted
wastes (1.06%) was less than the deformation of unsaturated wastes.

The elastic (reversible) deformations of saturated compacted (0.28%) and highly
compacted (0.22%) wastes constituted respectively about 26 and 21% of the total
deformations. Decidedly predominant share of the permanent deformations results
from crushing of weaker pieces of rock.

The deformations of the saturated compacted and highly compacted wastes
under the secondary load were small and equal respectively to about 0.4 and 0.3%.

The primary compression modulus of the unsaturated moderately compacted
wastes was 15 MPa. The moduli of the compacted and highly compacted wastes
were even 2 times bigger and equal respectively to 38 and 26 MPa. The secondary
compression moduli of the saturated compacted and highly compacted wastes were
about 3 and 4 times bigger than the primary compression moduli. The values of
the consolidation index (0.28–0.39) were much lower than those for mineral soils
(0.6–0.9), given in the Polish Standard PN-81/B-03020 (1981).

The lack of proportions between the deformations and compression moduli
(bigger deformations and lower values of moduli at IS = 1.0 than at IS = 0.95)
can result from different reasons, such as the grain-size distribution of wastes (i.e.
random share of fragments of a different size, especially bigger ones, in particular
samples) or the petrographic composition (i.e. random share of fragments of rock
of a different strength). These factors of chance character, influence behaviour of
wastes under the consecutive steps of loading, when the crushing of edges and
disintegration of weaker fragments occur. It should be emphasised that good initial
compaction of colliery spoils limits the phenomena described above and causes the
considerable decrease in the compressibility.

The results of compressibility tests of the fresh colliery spoils from Makoszowy
and Sośnica mines carried out in the medium-size shear box apparatus (300 ×
300 × 200 mm), where a mechanism for applying normal load was used (Zawisza,
Dzierwa 2000), also showed the influence of compaction and water conditions on
deformations and compression moduli. In case of unsaturated colliery spoils from
Makoszowy mine (Table 6), the deformations under primary load were 2.3, 1.2 and
1.5% of the sample height, corresponding to the compaction indexes of 0.90, 0.95
and 1.0.

The deformations of the saturated wastes were much bigger and equal respec-
tively 3.8, 3.3 and 1.4%. The above-mentioned numbers show the influence of
compaction on the behaviour of wastes under loading: the deformations of the
wastes both unsaturated and saturated were very similar. The deformations of the
unsaturated wastes under the secondary load were much smaller than under the
primary load and equal 1.0 and 0.9% at the compaction index of 0.95 and to 1.0
respectively. In the case of the Sośnica mine wastes, the primary deformations of
unsaturated samples were 1.5 and 1.0%, whereas the secondary – only 0.5% at the
compaction index 0.95 and 1.0 respectively (Zawisza 2001).



Laboratory Investigations of Compressibility . . . 49

Table 6. Deformations and compression moduli of the colliery spoils from Makoszowy and
Sośnica mines

Compaction Deformation [%] Compression modulus [MPa]
Wastes

index primary secondary primary secondary
0.90 2.3 – 17 –
0.95 1.2 – 34 –
1.00 1.5 – 27 –

Makoszowy fresh
0.90∗ 3.8 – 10 –
0.95∗ 3.3 1.0 12 32
1.00∗ 1.4 0.9 28 43
0.95 1.5 0.5 26 76

Sośnica fresh
1.00 1.0 0.5 41 83

∗ samples saturated before loading (Zawisza 2001)

Diversity of the values of the compression moduli was similar as in the case of
the deformations. The primary compression moduli of the unsaturated wastes from
Makoszowy mine equalled 17 and 34 MPa at IS = 0.90 and 0.95 respectively, and 27
MPa at IS = 1.0. The saturated wastes had much lower values of this modulus – from
about 11 to 28 MPa respectively at IS = 0.90 to 1.0. The secondary compression
moduli of saturated wastes were much bigger and equalled 32 and 43 MPa at IS =
0.95 and 1.0 respectively. The unsaturated colliery spoils from Sośnica mine had
rather high values of the primary compression modulus – 26 and 41 MPa, and
especially big of the secondary compression modulus – 76 and 83 MPa, at IS =
0.95 and 1.0 respectively.

The above presented results of the tests of the 30-years old colliery spoils from
Anna mine and the fresh wastes from Makoszowy and Sośnica mines show that
the secondary compression moduli are about 8 times (at IS = 0.88) and 2–3 times
(at IS = 0.95 and 1.0) bigger than the primary compression modulus and visibly
depend on compaction. It results from the character of waste as a coarse-grained
material that consists of chips of different strength and size. Slightly compacted
wastes have enough voids between greater fragments, which under the primary
load fill with smaller grains and particles that emerge as a result of crushing the
edges and disintegration of weaker chips. Hence the deformations are big enough,
and the primary compression modulus relatively small. Under the secondary load,
the deformations are much smaller, and the secondary compression modulus –
much bigger. The highly compacted wastes were characterised by the much smaller
compressibility than the wastes slightly compacted, since the intensive compaction
causes effects similar to those evoked by primary load.

In the context of the above described results of the laboratory tests, it is worth
quoting the results of in situ tests concerning the compressibility of wastes from
Sośnica mine (Gryczmański et al 1998, Kawalec 2000). The tests were carried out
on the embankment built of highly compacted waste (IS = 1.02). The deformation
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moduli determined with the help of VSS loading plate of the diameter of 300 mm
were equal: the primary deformation modulus – 17–18 MPa, and the secondary de-
formation modulus – 67–73 MPa. These values were obtained during the forming of
consecutive layers. When the construction was completed, the deformation moduli
were determined on the upper surface of the embankment and were equal: under
the primary load – 34–67 MPa, and under the secondary load above 130 MPa.
These values are relatively high; they may be compared with the results of the tests
carried out by Zawisza (2001), where the primary compression modulus of colliery
spoils from Sośnica mine (at IS = 1.0) was about 41 MPa, and the secondary one
– 83 MPa.

The results of the tests carried out on several spoil heaps in the Silesian Re-
gion, where wastes were not compacted, proved that two years after finishing the
dumping the values of deformation were up to 3.3–6.7% at the heap height of 12 to
30 m (Chwastek 1978). The measurements of foreign authors (Knipe 1979, Leigh,
Rainbow 1979) carried out on non compacted colliery spoils, used for reclamation
of open pits (of the depth of 14–40 m), proved that 5–10 years after finishing filling
up the borrow pit, the values of deformation were 3.6–3.8%. The measurements of
Charles and Burford (1987) showed that the location of the ground water surface
influences the course of the deformation of colliery spoils used to fill up the borrow
pits of open mines. In order to limit the possibility of occurrence of the additional
deformation of the area planned for building development, they proposed to apply
the initial loading with embankments, initial saturation or dynamic consolidation.

In turn, the model tests of Skarżyńska and Zawisza (1987), related to the con-
solidation of saturated colliery spoils from the Haldex-Makoszowy Washery Plant,
showed that it is a long-lasting process. The deformation of the wastes of the
compaction index of 0.91 and the thickness of a layer of 68 cm under primary load
of 0.30 MPa was 3.4%, but 44% of the deformation ensued already in the first
10 days, and the remaining 56% have been occurring for 12 months.

The deformations of the colliery spoils from Anna mine (at primary load),
equal 1.0–3.7% depending on the compaction and water conditions, as well as de-
formations of the Makoszowy mine colliery spoils (1–3.8%) (Zawisza and Dzierwa
2000) and Sośnica mine colliery spoils (1.0–1.5%) (Zawisza 2001) generally agree
with the results of model tests – 3.4% (moderately compacted saturated wastes
from Haldex-Makoszowy Washery Plant) as well as in situ tests – 3.3–6.7% –
non-compacted, unsaturated wastes in different spoil heaps (Chwastek 1978) and
3.6–3.8% – non-compacted, saturated wastes (Knipe 1979, Leigh, Rainbow 1979).

4.3. Changes in Geotechnical Parameters of Colliery Spoils Caused by
Saturation and Consolidation

Consolidation and saturation caused changes of grain-size distribution, moisture
content and consolidation of colliery spoils. The contents of cobble fraction dimin-
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ished, on average by 6%, and the contents of gravel and sand fractions increased;
the contents of the finest, i.e. silt and clay fractions, did not visibly change. The
changes of the grain-size distribution shown are generally small, which results from
the great mechanical strength of the wastes from the Anna mine, indicated by the
high values of the strength parameters.

Decrease of moisture content after consolidation in relation to the initial mois-
ture content was small (0.2–0.4%) in the case of the wastes saturated at the final
loading, which resulted from the high consolidation of the sample. In the case of the
wastes saturated before loading, there occurred a small increase of moisture content
of moderately compacted and compacted wastes (respectively by 1 and 0.22%) and
small decrease of moisture content of the highly compacted wastes (by 0.26%).
The increase of the compaction index of wastes due to consolidation was generally
small (by 0.01–0.03).

5. Résumé and Conclusions

On the basis of the test results obtained one can state that compaction and water
conditions were the fundamental factors influencing the values of the compressibility
parameters of colliery spoils.

In the case of unsaturated colliery spoils, the increase of the compaction (IS =
0.87 to 0.95) caused the decrease of deformations by 2.5 times and the correspond-
ing increase of a primary compression modulus. Further increase of the compaction
(up to IS = 1.0) did not cause the decrease of deformations, but even their increase,
which could be due to the crushing of weaker pieces of rock.

The saturation before loading caused a distinct (by 1.4 times) increase of the
deformation and decrease of the primary compression modulus of moderately com-
pacted wastes (IS = 0.88), the small increase of deformation and the decrease of
modulus of compacted wastes (IS = 0.95) and decrease of deformation and increase
of modulus of highly compacted wastes (IS = 1.0). The influence of the compaction
was very distinct at the secondary loading of the saturated wastes – the increase
of the compaction index from 0.95 to 1.0 caused a more than 1.3 times decrease
of the deformation and an increase of the compression modulus. The values of the
deformation at the secondary loading were almost 3–4 times lower, and compression
moduli higher than at the primary loading.

The saturation of the colliery spoils at the final loading 0.40 MPa induced an
insignificant additional deformation, which resulted from the consolidation of the
material under the big load.

On the basis of the tests conducted in the medium-size apparatus and the analysis
of the obtained data, a number of conclusions were drawn: cognitive conclusions –
concerning the consolidation process, the values of subsidence and the compression
moduli of the colliery spoils tested, as well as applicable conclusions – concerning
the possibilities of the utilisation of the materials tested in earth engineering.
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1. The consolidation process of the waste materials tested is relatively long-lasting:
– directly after applying a given step of load and in the following several hours

the settlement reaches its basic value,

– the development of the settlement afterwards is slow, especially at the great
loading,

– high initial compaction, and also the saturation of wastes before loading
results in the shortening of the consolidation time.

2. The values of the settlement and the compression moduli under the primary
load depend on the compaction and the water conditions:
– the influence of the compaction on the compressibility of the wastes is

evident at the greater steps of load,

– the saturation of the waste before loading influences its compressibility to
the extent dependent on the initial compaction:
– the moderately compacted wastes (IS = 0.88) are significantly susceptible

to the saturation,
– the compacted and highly compacted wastes (IS = 0.95 and 1.0) are

insignificantly susceptible to the saturation,

– the saturation of the wastes under the final load does not essentially influence
their compressibility, so it can be concluded that the changes of the level of
the ground water surface in the loaded subsoil made of the colliery spoils
will not essentially influence the values of its settlement and compression
modulus.

3. The load and consolidation of the colliery spoils causes mainly plastic defor-
mation; the share of elastic deformations in the total deformations is relatively
small and clearly depends on the compaction.

4. The high initial compaction of the waste material tested influences essentially
the more even course of the consolidation process and the decrease of the
settlement, and their saturation has little influence on the compressibility. It is
of great importance in the case of the utilisation of these materials as building
subsoil or structural material for constructing the body of engineering structures,
especially those, that can be influenced by water, for instance dykes of industrial
sedimentation ponds for ashes or post-flotation sludge. In those cases, the waste
materials should be maximum compacted at the optimum moisture content.

5. The initial consolidation causes significant decrease of the compressibility of
the tested wastes and improves their parameters as building subsoil. It refers
especially to the wastes of the low initial compaction, where, due to the con-
solidation, the essential strengthening of the materials occurs, which manifests
itself in multiple increase of the secondary compression modulus in relation to
the primary compression modulus.
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6. Utilisation of colliery spoils in earth structures enables their mass recycling. It
makes possible diminishing the amount of industrial wastes dumped on spoil
heaps, which contributes to the decrease of their harmful influence on the natural
environment. The way of utilisation of industrial wastes shown is very purpose-
ful, since it has both technically-economical and ecological aspects and provides
means for utilisation of huge amounts of waste without additional outlay.

7. The application of the prototype medium-size oedometer for the compressibility
tests of industrial wastes gave positive results. It fulfils all the requirements
for the apparatus that are supposed to be used for the compressibility tests of
coarse-grained materials related to the retaining appropriate proportions of the
diameter to the height of the cylinder, as well as of the cylinder diameter to
the diameter of the biggest grain. The obtained compressibility parameters can
be used for engineering calculations, in particular, in the case of the use of the
materials tested for the construction of embankments or as a building subsoil.
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