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Abstract

Due to the presence of different layers in the Eocene flysch in the
region of Split, it is possible to determine from the petrography and
engineering-geology the series where the slopes should be protected
by various methods. During the construction process and then upon
its completion , it is possible to use a suitable computer programme to
establish the degree of the stability of the deposits by considering
their composition, the position of the layers in relation to the cutting
line and possible plane of failure. In addition, nine alternative solu-
tions have been proposed for the protection of the slope which all
take into account the specific features of flysch. The reliability of the
selection is ensured by the proposed computer programme especially
developed for this purpose.

1. INTRODUCTION

When cutting into flysch terrains (e. g. by construc-
tion measures / road buildings etc.) it is necessary to
ensure that the slopes are stable and will be permanent-
ly protected and/or supported. Due to the different
lithological elements present in flysch (which can
appear in series) and their structural-tectonic character-
istics, the stability analysis, protection and support, if
necessary, of the cut slopes should be carefully consid-
ered. This particularly refers to the sections where the
layers are stable under natural conditions but where any
cutting can lead to instability.

The induced dis-equilibrium in the cuts requires
measures to be taken to achieve permanent stability. In
order to find a satisfactory solution the input data
should accurately describe the terrain and its layers.
This presents a complex problem in flysch since each
segment (i.e. lithological element with all its features)
needs specific treatment. Thus, engineering works in
flysch have been the subject of a great number of scien-
tific studies. The results and experience contribute to
the definition of the findings necessary in seeking new
solutions which can differ from case to case. This
makes general statements impossible. Only comprehen-
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Sazetak

Na temelju pojavljivanja petrografski i inZzenjerskogeoloski
razliCitih naslaga, u eocenskom fliu 3ireg podru&ja Splita izdvojene
su serije u kojima izvedene kosine treba zaStititi na razli¢ite nacine. U
uvjetima izvodenja graditeljskih zahvata i nakon njih mogudée je
utvrditi stupanj stabilnosti naslaga - s obzirom na njihovu gradu,
poloZzaj slojeva u prostoru prema liniji zasijecanja i mogucu plohu
loma - odabranom pogodnom metodom koja je za flisne naslage
obradena i prilagodena za rad na kompjutoru, Uz to, predloZeno je
devet mogucih rjeSenja zastite kosina koja respektiraju specifi¢nosti
flifa, a objektivnost izbora omogucuje predloZeni, posebno za tu
svrhu kreirani kompjutorski program.

sive studies which include mineralogical-petrographical
and engineering-geological characteristics yield rele-
vant data necessary for geostatic computations for each
specific case; this means that optimal results can be
achieved only by interdisciplinary and multidisciplinary
procedures (MAGDALENIC et al., 1980). The fact that
such procedures have been accepted can be confirmed
by those papers published on the problems of construc-
tion in flysch, stability control and protection of flysch
layers co-authored by geologists and civil engineers
(CAGALIJ et al., 1980, 1987; JASAREVIC et al., 1986;
BOJANIC et al., 1986; JURAK et al., 1987; SAMAR-
DZIJA et al., 1987; SESTANOVIC et al., 1989). These
papers represent the basis for defining the approach to
investigations dealt with in this paper.

By defining the mineralogical-petrographical and
engineering-geological features of the rocks and terrain
it is possible to obtain data in order to analyse the stabil-
ity of the slope at a given angle and then to adopt the
appropriate solution for its protection, stabilisation and
support. Therein it is necessary to take into account not
only the safety-technical criteria but also those criteria
which include the structural stability, construction and
maintenance cost, efficiency and also aesthetic aspects.
Conscquently, starting from the identification of the
safety factor for any particular example, and respecting
the principles of efficiency and function, it is necessary
to analyse several alternative solutions and then to
select the best one.

The objective of this paper is to present the follow-
ing factors: varicty of lithological elements in flysch in
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the region of Split and their principal mineralogical-pet-
rographical and engineering-geological features, the
possibility of applying a method for an analysis of the
stability of the cut slopes in the flysch terrains
(SARMA, 1979) with necessary modifications (devel-
oped and adapted for computers), as well as the possi-
ble types of protection which are dependent upon the
lithological and structural-tectonic features of the layers
with a specially developed computer programme for
selecting the optimal solution.

2. MAIN ASSUMPTIONS FOR THE DETERMI-
NATION OF STABILITY AND PROTECTION
OF THE CUT SLOPES

The mineralogical-petrographical composition and
faults in the structure of minerals and rocks directly
influence the general physical-structural and physical-
mechanical features of the flysch layers. The character-
istics of the coarse clastic rocks depend mainly upon
the composition of the binding agent (matrix), whereas
the features ol marls and siltitstones depend upon the
quantity and type of clay minerals in their composition
(MAGDALENIC ct al., 1980). In the region of Split, in
the Eocenc flysch, there are fragments of calcareous
breccias and breccia-conglomerates and of the calcaren-
ites and detrital limestones bound by biocalcarenite
and calcite cement, whereas the marls are mainly com-
posed of calcite and clay minerals (illite, illite-mus-
covite and montmorillonite) with some quartz,
feldspars and plagioclase (MAGAS et al., 1973;
MARINCIC et al., 1977).

From their formation to the present the flysch layers
have been exposed to repeated stresses and deformation
(MARINCIC, 1981; MAGAS et al., 1973; MARINCIC
ct al., 1977; MARJANAC, 1987, 1991). During these
processes numerous crystal-faults and micro-faults have
formed in the minerals and influenced the total physico-
mechanical features of the layers. These features are
also the result of processes whereby minerals are bro-
ken down by exodynamic factors (CRNKOVIC, 1983).
Since rocks are mineral aggregates, it is obvious that by
identifying the mineral composition and the physico-
mechanical features of the minerals it is possible to
obtain important data for estimating the stability of cut
slopes in flysch; this applies particularly to the resis-
tance of certain lithological elements to the effects of
exodynamic forces and the possibility of shearing along
the diagenetic and tectonically caused surfaces of dis-
continuity.

When determining the angle of the cut slope, its sta-
bility and the allowed working load in this zone, it is
necessary to take into account a greal number of para-
meters which are the result of diagenetic and post dia-
genetic processes such as: heterogeneity, anisotropic
features, discontinuity, water influence and natural
stresses, i.e. to define the layers as if they were actually
rcal. This approach requires a great number of numeri-
cal data which, using a suitable computer method, can

successfully describe the layers and their stability under
the altered conditions caused by cuts.

Input data on the characteristics of rocks and terrain
can be partly collected by engineering-geological field
investigations, wherein special attention should be paid
to the lithologic and structural-tectonic features, the
layer’s thickness, the influence of infiltrating water and
groundwater, and to the micro-climatic conditions
influencing the flysch layers.

In addition, the input data of special interest for the
stability and selection of the protection design should
include the results obtained by laboratory experiments
and requirements of the planned structures (e.g. dimen-
sions of the road cut) and the constraints such as the
slope loading and the problems related to the boundary
of the defined expropriation belt. This set of data is
very important since in some situations it can directly
influence the selection of the design method if the engi-
neering-geological and spatial conditions are complex.

To facilitate the identification of a series of sedi-
ments with the layers in a specific position, the flysch
deposits have been classified according to the relevant
features of the lithological elements present in those
deposits, including six typical cases (Table 1). Each
case has several alternatives which depend upon the
position of the layers with regard to cuts; hence, three
general cases can be distinguished:

Case a: unfavourable position of the layers (parallel
to the line of the cut excavations with a deviation up to
45°, with their slope oriented in the cut direction with
an angle less steep than the cut slope angle);

Case b: favourable position of the layers (excavation
line is perpendicular to the line of the layers stretching
with a deviation of up to 45°);

Case c: from a favourable to unfavourable position of
layers (with faults, presence of fault zones and fissures
and tectonic zones with expressed schistose texture
caused by weak dynamo-metamorphic processes. Either
the layers are not visible or small areas occur on the cut
surface along their extension with favourably or
unfavourably inclined layers).

After a detailed engineering-geological study of the
terrain the recorded flysch layers can be casily classi-
fied into one of the above types, according to the
respective serics of layers where the cuts are made.

The Eocene flysch in the region of Split includes
the following series:

L. Thin-layered marls, clayey marls and calcarcous
marls alternating with thin-layered calcarenites (and
marl clay in inter-layer fissures). The total thickness of
this series is 500 m.

2. Marls with layers of various thickness (with marl
clay in inter-layer fissures). The depth of this series
does not exceed 150 m.

3. Clastic layered limestones with a total thickness
of 20 m.

4. Calcarenites alternating with calcareous breccias
(and breccia conglomerates), with a total thickness up
to 60 m.
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Position of layers with regard to
the cut line =

Sediment series

a) Unfavourable bedding

¢) Favourable to unfavourable
bedding (folds, fractured
zones without evident
bedding)

b) Favourable bedding

Thin-layered marls, clayey marls and
1. | calcareous marls in combination with
thin-layered calcarenites

2. | Marls with different layer thickness

3. | Clastic layered limestones
Calcarenites alternating with
4. | calcareous breccias (and breccia

conglomerates)

5, Calcareous breccias
conglomerates)

(and breccia

6 Calcarenites, breccias and mards in
" | combinations

Table . Series of sediments in Eocene flysch in the region of Split showing boundary position of layers with regard to the cut line.

5. Calcareous breccias (and breccia conglomerates)
whose thickness never exceeds 20 m.

6. Calcarenites, breccias and marls repeatedly alter-
nating among themselves, with a total thickness of up
to 100 m.

Each of the described series can appear in greater or
smaller lengths in cuts for all of the three characteristic
positions of layers. Consequently, the stability of the
given cut can become questionable, and a fracture can
occur in any surface (flat, inclined or circular). This fact

accounts for the necessity of finding a suitable method
for computing the global stability, wherein the method
developed by SARMA (1979) was selected. The deter-
mination of global stability by the Sarma method
requires data on cohesion (c), angle of internal friction
(@), spatial weight (), piezometric level (h), surface
loading (p), if it exists, and homogeneity. As adapted to
the flysch slopes, the required data refer to each litho-
logical element in the series.
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After the determination of the global stability the
protective structural type is selected which in turn
depends upon the stability of the layers and their miner-
alogical-petrographical and physico-mechanical charac-
teristics.

3. DETERMINATION OF GLOBAL STABILITY

In the first design phase, i.e. preliminary design, the
engineering-geological investigations should yield
basic data on the reliability of the suggested solution
regarding the stability and bearing capacity of the lay-
ers both under natural conditions and after engineering
works. In the second phase, during the development of
the preliminary design, all details on the terrain, layers
and influence of current engineering-geological
processes and other phenomena exerted upon the struc-
tures should be identified and professionally evaluated.
The final design phase requires completion of all the
data not available in the preceding phases. During the
implementation process it is necessary to monitor the
situation on the terrain, to compare it with the suggest-
ed solutions and then to either modify or expand the
suggested solutions as necessary. The inclination of the
cut slope, depending upon all the previously mentioned
features, is determined in the preliminary design phase
with the determination of its global stability. For the
series of flysch layers, in which a fracture (failure) can
occur along any surface (due to their distinctive litho-
logical features and well expressed fractures) the sug-
gested method implies the application of the stability
analysis (SARMA, 1979) which includes all the flysch
characteristics and the potential failure (fracture) sur-
faces.

3.1. MAIN METHODS

There are two main approaches to the analysis of
the stability of the cut slope (NONVEILLER, 1987):
the methods of limit equilibrium and analysis of the
stress-strain type. The solution of the stability problem
developed by SARMA (1979) belongs to the methods
of limit equilibrium, but at the same time it offers inter-
esting possibilities when compared to other known
methods from the same group: absence of constraints
regarding the shape of the sliding surface, inclusion of
the kinematic mechanism-possibility of defining arbi-
trary inclined slices, inclusion of the influence of the
internal material strength, and the possibility of consid-
ering the problem with regard to earthquakes. The
method can be described as an extended wedge method
and is applicable also beyond this paper (cut slopes and
any other slopes).

By applying the above mentioned method to a small
extent and limiting it to the actual problems, it was pos-
sible to develop the NASKQO1 programme which yields
information on the global stability of the slope and is
adaptable to specific features of the given class of prob-

lems such as: non-homogeneity and presence of layers
with the existence of inter-layered fillings of various
thickness, previously defined fracture plane along the
existing discontinuities, possible external forces; water
in the tension crack (fracture) and any other loads trans-
ported across the surface.

The derived result is the critical factor of accelera-
tion K., which in the form KW, where W is the
weight, gives the horizontal force at which the slope
(sliding mass) is transferred to the state of limit equilib-
rium, i.e. the usual or static safety factor takes the value
1.0. K, itself can be considered as the unit of measure-
ment of the safety factor of the slope.

In addition, NASKO1 gives the usual (static) safety
factor against the sliding slippage of the considered
mass along the slope.

3.2. NASKOI - DESCRIPTION AND
FLOW OF THE PROCESS

The explanation of the main system and the results
will be presented along with the process {low.

Figure | presents the main system - sliding mass
with a slip surface of the general form, divided into a
finite number of vertical or inclined slices or blocks.
For such a basic system NASKO1 gives the result with
the main characteristics shown in Fig. 2.

The value K appears here as the factor of horizontal
acceleration whose function can be seen in the follow-
ing: K multiplied by weight yields the horizontal inertia
force which brings the slope to the state of equilibrium
with the respective safety factor FS. On the other hand,
the safety factor can be here defined as the quantity
which should be used to reduce the strength parameters
so that the factor of horizontal acceleration is K.

NASKOI1 gives the evaluation of global stability
using both important points on the diagram K=f (FS):

» point “A”: limiting state of equilibrium
FS=1.0
K = K. (critical acceleration factor, measure
of the safety factor);
= point “B”": static equilibrium
K=0
ES = FS;uic (required value of the reduction

Fig. 1. The main system. 1 - slip surface; 2 - free ground surface; 3 -
piezometric surface.
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T Mstatic

Fig. 2. Relationship between Safety Factor (FS) and Acceleration
Factor (K).

of the available shear strength in order to
bring it in equilibrium by mobilized shear
stresses).

Since K, is dependent upon the assumed set of incli-
nations of the lateral sides &, i=1,...,n+1 (Fig. 1), in the
computational alternative with inclined slices it is pos-
sible to note that the initial values &; are not those
which cause sliding and yield K, = K¢ . This is not of
particular importance for the evaluation of the global
stability itself, where it is necessary, according to the
order of magnitude FS, just to determine whether or not
it has been threatened. At the same time, in the damag-
ing inclined boundaries of the slices, present in practice
(e.g. along the rock discontinuities), the observation of
another set of inclinations &; is not necessary, since crit-
ical inclinations correspond just to the possible kine-
matic mechanism.

However, if it is necessary to carry out the entire
procedure, the critical set of angles §; can be found (for
the previously determined critical type of the slippage
surface) using the method described by SARMA (1979)
as follows.

1. By varying &; on the lateral side i, with simultane-
ous fixing of the remaining 8, until we achieve
Ke=K¢ nin at point i. Accordingly, if the inclined plane
passes through that side at point i1+1, then &;,; is also
changed simultaneously; 8;; is fixed (obtained in the
previous step at point i-1).

2. By repeating the procedure for all the lateral
sides i=1...n+1.

The computational alternative with vertical slices (§;
= 0) is fast and simplified; hence it should be used as
often as possible, particularly when a great number of
slip surfaces (slips) should be analysed. Definition of
the local safety factor FL on the lateral sides of the
slices compensates for the fact that the critical set of
values has not been sought. The reasonable value is
FL=1.1;

The flow chart of the process for NASKO1 is pre-
sented in Fig. 3.

3.3. AN EXAMPLE AND SOME OBSERVATIONS

Figure 4 presents a cut slope composed of approxi-
mately two-thirds marl and one-third calcarenites, with
the layers sloping at & = 25° and a varying slope of the
cut surface (face); B = 45°, 60°, 75°. The cut height is H
= 6 m. The layers extend parallel to the alignment of
the cut, with an unfavourable slope 10-20 cm thick, and
an inter-bedded 3-5 mm clayey filling. Infiltrating
water can appear in the calcarenite due to precipitation.

In this simple example, typical for the considered
class of problems, the NASKO1 program was used to
compute the stability for slippage surfaces (slips) 1, 2,
and 3 and for B = 45°, 60°, 75°. The following influ-
ences were considered:

« the influence of the parameters of the shear strength
(c, @) on the slip surface;

« the influence of “internal” resistance, by using the
average values (Caverages Paverage) for all the materials
occurring on the lateral sides of the slices, both with
and without the influence of the interbedded filling;

« influence of the cut slope;

» influence of the pore pressure, apparent in calcaren-
ites, 1.e. for slip surfaces 2 and 3.

Some of the obtained results are presented in Table
2. Tt can be noted that the greatest influence upon the
result was exerted by parameters ¢ and ¢ on the slip;
already a slight increase in cohesion leads to significant
improvement. The estimation of the planned ¢ and 0,
after the investigations, requires caution and considera-
tion of influential factors such as: thickness of the fill-
ing, sensitivity to the water action, size of shearing sur-
face, time factor, particularly when the filling material
is treated as a representative of the discontinuity cohe-
sion (thick filling) and when the filler material is cohe-
sive.

Accordingly, in this example the values Cayerage and
Qaverage have an evident, though not great influence
upon the safety factor. It should be noted that the
method presented herein is one of the rare methods
which uses the internal strength of materials for obtain-
ing solutions. In addition it is possible to note the
expected, unfavourable (often significant) effects of
waler circulation and of the increase in the cut slope
upon the safety factor.

4. DISCUSSION

Depending upon the input data and the results
obtained by the global stability analysis, the slopes in
flysch can be protected using several methods. Taking
into account their efficiency, simplicity, aesthetic
aspects and economic justifiability, nine characteristic
solutions have been considered (Table 3). It should be
noted that each of these solutions have some constraints
which have imposed the necessity of defining the prob-
lem with boundary conditions, particularly with litho-
logical features and cut slopes. Accordingly, the selec-
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tion and application of protective struc-
tures have been described according to a
series of layers, as follows:
~control X ;
o In the series where thin-bedded
:ﬂrfrijiﬂiTliﬂn of the main system marls, clayey marls and calcareous
e — marls alternate with thin-bedded cal-
‘:"55"’““" ',’:x‘e’“a' forces carenites and marly clay in interbed-
-homogenel i i N
I ded fissures (series 1) the solution
[_definition of vectors_| depends upon the dimensions of the cut,
INPUT [ = i.e. its height and the design of the slope.
-data group 1 [co-ordinates]) -subroutine: | ata ; . . .
T sliding mass | group 1 If protection against surface erosion is
- geometrical | treatment required, this material can be efficiently
INPUT
[ it Q,E?p o ferdighifarces: and permanently protected by shotcrete
perhaps external forces] in combination with short rod anchors.
NRUT ) l The cut slope should be formed with a
( -data group 3 [piczometric level] ;50‘:2;2';":; . rm ratio of 2:1 l.o 5:1 and a potential max?-
fepeated & influence of | group 3 mum cut height of 12 m. If the condi-
calculation [ water treatment p - i
with the same y ~definition tions on the terrain allow cut slopes with
lement ; 5
goamen AL P cemens 1:1.5 to 1:1, then visually attractive solu-

[unchanged slope]
and possible

-data group 4 [characteristics
of materials]

tions, i.e. vegetation cover, can be used.
Accordingly, it is suggested that apply-
ing linings of grass grating and anti-ero-

change of some

combinations l

of relevant " INPUT:

parameters -local (lateral] safety factor
-required precision

main programme
-solution of the equation K={(F5)=0 |
with required precision

l

(®)
I

—

-main subroutine:
calculation
(according to

|| Sarma's method
(1979)) of the "K"
value for the
individual

I value “'FS"

sion bio-mattresses efficiently form the
fertile basis for hydro-seeding. The max-
imum cut height in such solutions is 6-
10 m. In arcas of local instability of
some sections of the cut area and in the
problems with surface erosion it is possi-

rOUTPUT: Ke, FS |

I choice of continuation |

Ll

ble to apply lining-supporting structures
of reinforced concrete and sprayed con-
crete in combination with rod anchors.
In this case the maximum cut height
should not exceed 10 m, and the cut

* with programmed error

** with programmed error and possibility of not changing the data of the previous cycle

slope should have a ratio of 3:1 up to
5:1. In some very unfavuorable situa-
tions (sliding) cut protection is ensured

Fig. 3. NASKOI1 - The process flow.

marl

| calcarenite
marl
et

or P° ¥
(kPa) (kN/m™)
Interbedded filling 20 25° 19.5
Marl 1000 457 23.5
Calcarenite 2800 557 27.5

u=0 uz0
=25 P = 25°
c=b c=10 c=20 c=20
(kPa) (kPa) (kPa) (kPa)
slip | p=45° 1.84 2.86 1.419/74.70
surface | B.B80° 1.85 2.27 0.950/3.50
1 [0] [}
p=75° 1.49 1.96 | 1.97 0.742/2.93
slip | B=45° 1.47 1.54 0.720/2.88 | 0.857 /2,72
surlace
2 o o« Q@
p=75 1.32 154 1 1.68 0.402/2.26 | 0.38/1.998
dlip | p=d5° 1.34 1.68 0.530/2.39 | 0.478/2.25
surlace
3 [0] @
p=75° 1.24 1.41 | 1.45 0.332/1.86 | 0.284/1.74

Fig. 4. Example: slope with alternating marl and calcarenite layers. 1,
2, 3 - slip surfaces.

Table 2. FS and K, values for different variations of parameters. K.

behaves in the same manner as FS. (1) Values Cyverage and Quverage
on the lateral boundaries are assumed to be equal to ¢ and @ of
the inter-bedded filling. (2) Values Cyyerage 2nd Quyerage 0N the lat-
eral boundaries are assumed to be equal to c and ¢ of the rock.
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Table 3. Area of application of various types of protective structures.
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by reinforced-concrete walls (the cutting and the con-
struction are carried out in sections with a recommend-
ed cut height of up to 12 m; for lower heights (6-8 m)
gabion walls are used. The advantage of the concrete
support structure is that it is possible to get an almost
vertical cut (10:1), whereas in gabion walls the maxi-
mum slope should not exceed a ratio of 3:1. The water
influence is closely related to microclimatic conditions;
hence, it is necessary to take into account erosion, the
possibility of the soil freezing, and the possible destruc-
tion of the protective lining.

Marls of varying thickness with inter-beds of
marly clay (series 2) differ from series 1 since there
are no firm layers of sandstone which function in the
terrain as a reinforcement (BOJANIC et al., 1986), but
this can be considered as a more homogeneous materi-
al. The type of the protective (supporting) structure will
depend upon the problem under consideration. The
structures are identical as for series 1 and thus the sug-
gested solutions can be almost fully used. An exception
is the rod anchors since their efficiency will depend
upon the physico-mechanical features of marls. This
means that the bearing capacity of anchors is signifi-
cantly reduced in marls, unlike its application in series
1 where there are strong sandstone layers.

In clastic layered limestones (series 3) the position
of the layers in relation to to the line of the cut is
important, as well as the presence of tectonic damage
and karst morphological phenomena. The problem of
cut slope protection in this series is quite frequent in
engineering practice. Several alternative solutions can
be applied. In favourable cut slopes it is possible to
apply a very simple solution, i.e. a knitted network for
the prevention of local landslides. This type of protec-
tion can be applied only if the mining has been profes-
sionally carried out (“smooth mining”), i.e. the rock
mass should not be exposed to additional damage.

For unfavorable cut slopes it is possible to apply
short rod anchors which are used to stabilize the locally
unstable rock blocks in combination with protective
nets. Quite frequently, when the rock mass has a great
number of fractures, shotcrete is applied, which is a
very efficient solution but is not easily acceptable from
the aesthetic standpoint. In cases of more serious frac-
ture problems while respecting the visual effects, the
best protection is achieved by revetment and supporting
structures of slightly reinforced concrete in combina-
tion with short anchor rods. The cut height in lime-
stones should not exceed 12 m, and when it does, the
slope surface should be formed in cascades at a height
of 8-10 m with a minimum horizontal width of 3-4 m.
The cut slope can be very steep, even 10:1 in high-qual-
ity material, whereas in all other cases the slope should
have a ratio of 3:1 up to 5:1 (BRAUN et al., 1992).

Calcarenites alternating with calcareous breccias
belong to series 4. The problems of cut slope support
and solutions for such materials are identical to those
described in series 3, the only difference being that the
material in this case is heterogencous considering its

strength and stability. Consequently, it is necessary to
take into account not only engineering-geological, but
also the mineralogical-petrographical features of the
terrain in order to get a comprehensive insight into the
state of the sediments and to note all critical zones
which could, in the course of time, have significant
influence upon the stability. In such a complex compo-
sition, the breccia layer frequently behaves as a weak
link in the chain between the sandstone layers, particu-
larly if clay minerals are present. Such problematic
zones can be partially protected or the entire cut surface
can be covered by one of the types of protective struc-
tures suggested for the layers in series 3.

In calcareous breccias (series 5) the approach to
cut slope support is identical to that for series 3 and 4.
The solution depends upon the quality of the rock mass,
i.e. the degree of fractures and rock weathering, crack
filler, mineralogical-petrographical characteristics of
the fragments and cement, as well as upon the degree of
karstification. There are certain differences in the
approach and treatment of surface erosion and in the
methods of protection in limestone diluvial breccias,
weakly bonded by the clay-silt binding agent, frequent-
ly found above the flysch layers on the slopes of
Kozjak, Mosor and Biokovo.

These alternating layers of calcarenites, breccias
and marls belong to series 6. The main difference
between this series and series 1 lies in the fact that the
layers are generally thicker. This heterogeneous compo-
sition requires the separate analysis of each lithological
element on the cut surface; hence, several different
types of support may be applied along the cut. The
other possible approach is the application of the solu-
tion for the weakest, i.e. most critical lithological ele-
ment, to all other elements. Thus, the same type of pro-
tection i.e. support can be applied to the entire cut sur-
face.

The identification of all the relevant mineralogical-
petrographical and engineering-geological features of
the rock mass and the terrain, and of the results
obtained by the analysis of the global stability, make it
possible to select the optimal solution (among the nine
suggested alternatives) by using the RZAKO1 comput-
er programme. This programme selects the possible
technical solution for the cut slope protection in flysch
with regard to it’s practical application on the terrain.
According to the main input data: the series of layers (1
- 6) and the position of layers according to the newly-
formed space of the cut (cases a, b and ¢), it is possible
to obtain a set of all alternative solutions. Subsequently,
taking into account possible threats to global and local
stability, further selection is performed and a spectrum
of suitable solutions obtained. Conscquently, after
defining the threats to the local stability (certain blocks
are unstable) it is preferable to apply the anchor solu-
tion, whereas if there is no threat to global and local
stability it is possible to select a set of anti-erosion mea-
sures as potential, suitable solutions. For each of the
suggested solutions a display of the description and
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E formation of tables for solutions

definition of applicability for
nine suggested solutions

(" INPUT:

-soil type [1,...,6)
-stratification type [A.B.C)

L description of
offered soil types
description of

I layers' condition

OUTPUT:
all POSSIBLE solutions

stratification "B"' stratification "A" or "C"*

GLOBAL
STABILITY
DOUBTFUL?

OUTPUT:
all ACCEPTABLE
solutions

selection of

selection of
* loop acceptable acccPtahle j
for all [among the possible) solutions ®
solutions | solutions - solutions

-solutions with with anchors

supporting wall
or gabion wall

[

LOCAL
STABILITY
DOUBTFUL?

is that of alternating thin-bedded
marls and calcarenites, followed by
the series of marls with layers of
varying thickness. These are fol-
lowed by a less thick series of domi-
nant clastic limestones and breccias
and also the series with interchang-
ing calcarenites and breccias or
marls, calcarenites and breccias.
Mineralogical-petrographical analy-
ses have proven that carbonate clas-
tic flysch sediments are almost com-
pletely composed of calcites (both
the fragments and the matrix),
whereas the main components of
marls are calcite and clay minerals
(illite, illite-muscovite and montmo-
no rillonite). The current exodynamic
factors result in the rapid weathering
of marls, so that firm layers (sedi-
ments) frequently project above the

seicdto it terrain. This fast .dcgrafiation of
[ acceptabie marls and projection of large or
* | solutions .

“solutions for small blocks of more resistant ele-

protection ments have initiated a comprehen-

against <

cidace sive and complex approach to the

erosion study and solution of the problems

¢ ouTPUT:
all ACCEPTABLE
solutions

|

/ if desired, description uf/

one or more solutions

| end

related to the stability and protection
of slopes in flysch. The definition of
the mineralogical-petrographical
and engineering-geological leatures
represented a starting point in seek-
ing the methods for establishing the
stability of the slope where fractures
can occur along any surface. After

Fig. 5. RZAKO1 - The process flow.

technical characteristics can be required. The process
flow diagram is presented in Fig. 5.

Finally, it is possible to sclect the optimal solution,
out of the obtained spectrum of suitable solutions, con-
sidering the economic and acsthetic aspects and taking
into account other possible constraints.

5. CONCLUSION

The determination of stability and the selection of
the best possible solution to slope support in flysch
undoubtedly belongs to a group of very complex engi-
neering-geological problems due to the heterogeneous
mineralogical-petrographical composition of the sedi-
ments and evident deformation of their layers.
Engineering-geological investigations in the Eocene
flysch in the region of Split revealed the presence of
sediments with several series of varying thicknesses.
The most frequently encountered and the thickest series

determining the best method it was
adapted, with only slight modifica-
tions, to the NASKO! computer programme. Tests per-
formed on several examples, one of which has been
described in this paper, proved that the method is
applicable for the quick determination of global stabili-
ty of the engineered cuts in heterogencous layers, actu-
ally in flysch, and that it can be efficiently used in engi-
neering practice. The determination of the degree of
global stability, taking into account mineralogical-pet-
rographical and engincering-geological features of the
sediments in flysch (including the diagenetic and post-
diagenetic specific features and changes), made possi-
ble the selection of the type of cut support. Starting
from a variety of approaches to the cut support, their
height, the inclination and stability of the layers and the
criteria of safety, feasibility, efficiency and aesthetic
aspects, it was possible to suggest nine alternative solu-
tions. In order to select the optimal solution quickly and
efficiently the RZAKO1 computer programme was
developed, requiring the input data from the project and
the results obtained by engineering-geological investi-
gations in the field and by laboratory tests. After defin-
ing the specific features of each of the mentioned series
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in the flysch sediments and by applying the suggested
computer programme it was possible to prove the
degree of stability and to offer either one solution or
several alternative solutions to cut support already in
the preliminary design phase. Therein it is recommend-
ed that each specific example with its characteristics be
analysed in order to ensure that the obtained results
describe the actual situation in the most reliable way
and that the most efficient method of protection has
been selected.
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