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ABSTRACT 
To establish the geological structure of the field and taking of representative samples of soil and rock materials 
for determining the physical and mechanical characteristics, detailed engineering geological mapping was 
performed of the terrain along the route of the pipeline and locations of water intakes, surge tank and 
powerhouse. 
The morphology of this region shows a complex condition which is caused by the mutual influence of tectonic, 
neotectonic and contemporary processes. 
Field investigations included the following studies: 

• engineering-geological mapping of the terrain; 
• construction of investigation wells; 
• mapping the material from exploration works; 
• selecting of the uninterrupted and disturbed samples of soil materials as well as solid pieces of rock;  

On the researched area for small hydropower station - "Kadina" is performed 16 investigations wells. For 
determining the physical and mechanical characteristics of represented materials was performed laboratory 
tests.
From the data obtained by measuring the structural elements of fissure systems is calculated quality of the 
rock mass (RQD). 
Based on the research made an assessment of the conditions for excavation of terrain and also made a 
calculation of the permitted loads of ground facilities of minimum depths. 
Keywords: engineering geological mapping, investigation wells, RQD parameter, physical and mechanical 
characteristics

INTRODUCTION

Location provided for the construction of a small hydropower plant on River Kadina is located in the western 
part of Macedonia, southwest of the city of Skopje. The access to the location is a through Dracevo by asphalt 
road towards the villages of Lower and Upper Kolichani, through the village of Crvena Voda and the village 
Aldinci, among them countryside is Kadina River (Fig.1). 
For determination of geological structure of the field and taking of representative samples of soil and rock 
materials for determining the physical and mechanical characteristics of represented lithological units was 
performed detailed engineering geological mapping of the terrain along the route of the pipeline and locations 
of water intakes, surge and powerhouse. At this stage are determined the locations where will be performed 
and investigation wells, which are mapped, photographed, and are sampled for additional laboratory tests. 
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Fig.1. Location of the Kadina River 

BASIC GEOLOGICAL CHARACTERISTICS OF THE TERRAIN ALONG THE RIVER KADINA

According to the fact that the geological development of the the wider area has influenced of the geological 
characteristics of the terrain along the route of the pipelines and facilities, ie on the geotechnical conditions for 
performance, below shows the most important aspects. Based on the criterion of considering the problem from 
wider to narrower area, highlighting the most important are as follows facts: 

The investigation location belongs of Pelagonia horst - anticlinorium, which is shown in Fig. 2 (M. 
Arsovski, 1997); 
The terrain where are placed pipelines and buildings is mostly built from older Precambrian rocks like 
gneiss and micaschists, partly overlapping with thin diluvial sediments (dusty sand and rough pieces of 
rock blocks), and there are quite a lot modern geological processes. 
From complex tectonic processes that contributed to the development of this area, of the investigated 
field are important Precambrian metamorphic processes and orogenic movements and Alpine orogen 
phase;
With modern geological processes in Quarter and Holocene through erosion processes and activity of 
river waterways, been established general geomorphological situation of the field, which is 
characterized by the formation of large blocks of micaschists in these watercourses. 

All stages of geological development had ultimately influence on the formation of the current situation on the 
ground, which is manifested in today's relief and conditions for designing the power plant Kadina (directly or 
indirectly).
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Fig 2. Location of Pelagonia horst-anticlinorium where they belong researched area, compared to other tectonic units 
 in R. Macedonia (M. Arsovski, 1997). 

TECTONIC STRUCTURE

In view of the tectonic structure of the ground, it should be emphasized that the tectonics of this terrain was on 
great influence of two major orogenic phases. The first phase represents crimping related to regional 
metamorfizam and accompanying structures, and the second is the impact of the Alpine orogeny. At the left 
side of Kadina River in engineering geological mapping has been observed impressive fault structure. It is 
mostly remarkable between the two undertakings with significant vertical displacement of the blocks with "dm" 
dimensions to whole tables to the riverbed.  
At investigated field remarkable is the basic structural element of these Precambrian metamorphic rocks 
(gneiss and micaschists) - foliation, and the block matching. This in a way sets predetermines the possible 
mechanisms of fracture rock mass, that extracts bigger blocks, resulting from the combination of foliation and 
fissure systems certainly precautions should be taken and the direction of extension of the future pipeline. 
In all characteristic rock appears on the surface was made the measurement of the represented fissure system 
with measuring points designated by M1 to M27. The characteristic cracking of the rock masses gives us the 
the contour diagram shown below for a micashists and gneiss (Fig. 3 and Fig. 4). 

Approximate

location of SHPP 

Kadina
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Fig. 3. Concentration of fissure systems represented in micashists (from measuring point M9-M23). 

Fig. 4. Concentration of fissure systems in gneiss (from measuring point M1-M8 and M24-M27). 

GEOTECHNICAL CHARACTERISTICS OF THE TERRAIN

On the applied research and testing, we can conclude the condition of engineering geological and 
geotechnical characteristics of the represented lithological units. Here are given the physical and mechanical 
characteristics of lithological units represented classification of rocks, and recommended measures and terms 
of performance. 

Engineering geological types of rock masses

All rock masses represented along investigated pipelines, surge tank and the intake of  Kadina River  are 
classified from engineering geological aspect. From this perspective there are  the following types of rocks: 

Not coherent and poorly bonded rock masses 
Highly coherent (rocky) rock masses
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Of the Investigative area dominant are the highly coherent (rocky) rock masses. Proper analysis of the highly 
coherent rock masses in the form of their geotechnical classification, physical and mechanical characteristics 
and other aspects are given in the text that follows. 

Degree of cracking of the rocks

It is well known that discontinues has great influence on the mechanical behavior, physical and mechanical 
parameters and possible ways of fracture of solid rock masses. Taking into account this fact, proper attention 
is paid to determining the properties of discontinuities. The route of the pipelines and facilities of River Kadina 
mostly pass and will be conducted through a terrain built of solid rock masses such as micaschists and gneiss.
During engineering geological mapping of the terrain were performed measurements of characteristic rock 
masses visible on the surface (measuring points M1 - M27). 
On measuring points are measured the following parameters in which marks are identical to those given in 
Table 1: 

Gpi - density of cracks of one meter for every fissure system 
Gpi - (for example Gp1 for the fissure system 1, etc.). 

Table 1. Results of measuring points and analysis of the degree of cracking 

Lithological unit measuring
points

Density Gp1
[ j/m�] 

Density Gp2
[ j/m�] 

Density Gp3
[ j/m�] 

Jv
[ j/m3]

RQD 
[%] 

Gneiss (G) 

1 4 2 2 8 88,6 
2 3 2 2 7 91,9 
3 3 2 1 6 95,2 
4 2 2 1 5 98,5 
5 4 2 2 8 88,6 
6 3 1 2 6 95,2 
7 3 2 1 6 95,2 
8 2 2 1 5 98,5 

Micaschists (Sm) 

9 3 1 1 5 98,5 
10 3 1 2 6 95,2 
11 4 2 1 7 91,9 
12 2 2 1 5 98,5 
13 2 2 2 6 95,2 

13  2 1 2 5 98,5 
14 2 2 2 6 95,2 
15 2 2 1 5 98,5 
16 3 2 2 7 91,9 
17 4 2 2 8 88,6 
18 2 2 1 5 98,5 
19 2 2 2 6 95,2 
20 3 3 2 8 88,6 
21 3 2 3 8 88,6 
22 2 2 2 6 95,2 
23 2 2 2 6 95,2 
24 2 2 3 7 91,9 
25 2 2 1 5 98,5 
26 2 2 2 6 95,2 
27 3 2 1 6 95,2 
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These data are properly used as inputs in the calculation of the following parameters: 

RQD [%] - rock quality, calculated according Palstrom

    RQD  115  3.3 Jv

Jv [j/m3] - number of cracks (joints) per unit volume. 
By this methodology has been obtained on the level of cracks of rocks, which is appropriate used in their 
classification.
The results in Table 1 we can conclude that micashists and gneiss obtained RQD values from 88.6 to 98.5 and 
are characterized by medium good to good RQD. All these analyze served as a basis for evaluating the 
excavation, and classification of rocks from geotechnical aspect. 

CLASSIFICATION OF HIGHLY COHERENT ROCK MASSES

For the purposes of geotechnical classification of the represented solid rock masses, as well as analysis of the 
stability of the same, were carried out tests on basic physical and mechanical properties of the intact parts of 
the rocks, i.e. volume weight and index dotted strength. These parameters are presented in Table 2, where 
are given the values of the strength of the pressure and tension, calculated according correlative 
dependencies. 
The test of strength index (Js) is performed with field press for dotted load, type Interfels No. 431, and is 
calculated according to the following formula: 

    Js P/De
2   [MPa] 

P - strength at the time of fracture of the sample; 
De - equivalent diameter of the sample. 

It should be noted that it tested only samples of irregular shape, and as recommended by the International 
Society for rock mechanics, all results are corrected to a value Js (50).

The determination of the reversal of the index of strength is carried out with using the following formulas: 

Js(50) F Js
F  (De /50)0.45

De  (4A / )0.5

A  Wsr D
Wsr  (W1 W2)/2 

D - distance between points of fracture [mm]; 
Wsr - average dimension of the sample (average value of W1 and W2) [mm]; 
Js - uncorrected value of the index of strength [MPa]; 
Js (50) - corrected value of the strength index for the diameter 50 mm [MPa]; 

p - compressive strength (strength of the pressure) of the sample [MPa]; 

z - strength of tensioning of the sample [MPa]. 

To calculate the strength of the pressure and tension were used following correlative dependencies: 

p  22 Js(50)

z  1.5 Js(50)
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Table 2. Basic physical and mechanical parameters of the intact parts of the rocks. 

(chainage of the supply pipeline and facilities)
volume
weight

 [kN/m3]

Index of dotted
strength

Js(50) [MPa]

Co
mp

re
ss

ive
 st

re
ng

th 
p

 2
2

J s
(5

0)
 [M

Pa
] 

Te
ns

ion
ing

 st
re

ng
th 

z
 1

.5
J s

(5
0)

 [M
Pa

] 

Micaschists (Sm) 
(km 1+643) 27.74 2.82 62.03 4.23 

(1 intervention - Kadina River) 27.28 3.44-5.00 75.60-110.02 5.15-7.50 
Gneiss (G) 

(powerhouse) 26.12 2.45 53.89 3.67 
(surge tank) 25.77 0.87-1.64 19.04-36.06 1.30-2.46 
(km 4+914) 26.25 0.84-2.49 18.38-54.87 1.25-3.74 
(km 4+323) 28.30 4.18 92.04 6.28 

Based on the results shown in the tables above, is made classification according to RMR system (Bieniawski 
1989). The points that have been adopted for the parameters in the classification of each type of rocks as well 
received RMR ratings are shown in Table 3. 

Table 3. RMR classification of rock masses by Bieniawski (1989). 

Parameter

Type of rock and scores 

mi
ca

sc
his

ts 

(S
m)

 

gn
eis

s  
(G

) 

Compressive strength 7 – 12 4 – 7  

Rock quality (RQD) 17 – 20 17 – 20 

Distance between cracks 8 – 10 8 – 10 

Condition of cracks 10 – 16 10 – 16 

Groundwater 15 15 

The rock mass rating (RMR) 57 – 73 54 – 68 

Angle of internal friction 33-43 33-43 

Cohesion of the massif (kPa) 280-380 280-380 

Class of rock mass III – II III – II 

We should mention that the scoring for the condition of cracks for the rocky masses types is performed 
according to the detailed classification of discontinuities, taking into account the length of the cracks, their 
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opening, roughness, type of the core as well the breakdown of the walls of the cracks. The values obtained 
from the monolithic pieces of rocks and concrete condition of discontinuities determined by derived measuring 
stations in engineering geological mapping are important in determining the potential unstable blocks that are 
observed between the route and water intakes. 

CONDITIONS OF EXCAVATION

These conditions are estimated by using the known classification methods for excavation for the seed of line 
facilities. Represented rocks are classified using known empirical methods such as two parametric 
classification based on the relationship between volume weight and average size of the block (according 
Jovanovski, 2001). 
The input parameters to be used in this classification are shown in the table 2, and the characteristics of 
discontinuities described in the performed engineering geological mapping in the field. 

Fig. 6. Assessment of way of excavation based on the relationship between volumetric weight and average distances 
between fissure (according Jovanovski, 2001). 

From fig.5 it can be concluded that a possible method of excavation in micashists and gneiss is blasting. For 
comparison, represented rock masses are categorized according to the existing building standards GN 200 as 
follows: 

V category - surface cracked micaschists and gneiss; 
VI category - a relatively fresh micaschists and gneiss. 

Considering the fact that the rocks are dissolved in the surface areasas well partial coverage on the ground 
with thin diluvial layers are expected to be applied combined methods of excavation (digging in non-coherent 
rock masses, plowing into surface areas and blasting in fresh rock masses). 

CONCLUSION

Metamorphic rocks like micaschists and gneiss are basic rock masses of the investigated field that are 
represented here. Quite on small areas can be seen thin incoherent deluvial creations, usually mixed with raw 
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pieces of the rocks of various sizes to larger blocks and masses. 
While exploring the terrain was applied complex methodology to field investigations and laboratory testing, 
using the methods of engineering geological mapping of the terrain, construction of investigation wells, 
mapping them and taking the optimal number of samples.
SHPP - Kadina was located conveniently on Pelagonia horst - anticlinorium regarding the geotectonic units of I 
order in R. Macedonia, which is shown in Fig, 2 (M. Arsovski, 1997). 
From the data obtained by measuring the structural elements of fissure systems of characteristic kept 
suckerless is calculated the quality of the rock mass (RQD). Where it can be concluded that micashists and 
gneiss are characterized by average good to good RQD quality that ranges from 88.6 to 98.5%. During this 
has also been specified geological index of strength in both types of rocks (GSI = 52-62).
Based on a number of factors made an assessment of the conditions for extraction, which can be concluded 
that a possible method of excavation in (micashists and gneisses) was plowing into in surface areas and 
blasting combined with heavy plowing in fresh rock mass and carefully blasting in the area between water 
intakes and the route of the pipeline. 
As a final conclusion, it is considered that the surveys studies, as well as the recommendations of the 
geotechnical aspects, is formed a database that can be used for optimal and safe projection of the SHPP - 
Kadina.
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