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The suggested methodology includes an approach to 
investigations which has the objective of obtaining all relevant data 
on the environment through which the road corridor is planned. 
This implies an integrated approach to the programming and the 
implementation of investigation works which, however, cannot be 
appl~ed to all cases. Frequent changes which are encountered over 
small distances in the karst and flysch terrains can be studied 
simultaneously since these layers are generally in contact in the 
coastal regions in Croatia. The paper presents an efficient 
methodology applied to Investigation works planned according to 
types of structures and phases of the road planning. The 
preliminary design phase should include all planned investigation 
works in order to solve the number of problems relevant to the 
final design phase and to the condit~ons and posslbilitles of road 
construction. The paper also stresses the necessity of precisely 
defining the lithostratigraphical and tectonic features as a 
prerequisite for planning the scope and quantlty of investigation 
works and for proper Interpretation of all engineering-geological 
and hydrogeological relat~ons. 

Introduction 
The realization of a plan for road construction is 

usually preceded by investigation which represent a 
basis for satisfactory development of the feasibility 
study followed by investigations related to the 
preliminary and final designs. The rypes and methods 
of investigations therefore depend upon the design 
phase and particularly upon the configuration of the 
terrain through which the road passes. Coastal 
regions of Southern Croatia and its hinterland 
consist mainly of karstified limestone terrains and 
clastic flysch layers. Extensive investigation which 
had been previously carried out made it possible to 
study these terrains using a great number of relevant 
data. Althought karst and flysch terrains differ in 
origin, petro-physical characteristics and resistance 
to exodynamic factors, they share the occurrence of 
frequent changes within small areas. This fact makes 
it necessary to adopt an integrated and 
comprehensive approach to investigation works, 
particularly for the construction of roads since they 
often cover distances of more than 100 km. 
Consequently, satisfactory pavement design and the 
planning of excavations in the rock mass make it 
necessary to obtain all relevant data on the rock 
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properties and the surrounding terrain. The 
methodology for planning investigation works in 
phases for the design, construction and maintenance 
of roads in karst and flysch terrains in the Republic of 
Croatia has not yet been developed. Therefore, 
frequently various sections of the same road were 
frequently treaed differently since they were studied 
by teams of researchers/engineers with different 
approaches to the problem. This made the 
construction of the road and its subsequent 
maintenance more difficult and time consuming. 

The objective of this paper is to present a possible 
methodology to be applied to investigation works in 
karst and flysch terrains in order to achieve 
satisfactory results. The staring assumption is that the 
origin of rocks in the karstified and flysch terrains 
and the effects exerted by current endodynamic and 
exodynamic factors are of primary importance for 
understanding both the present state and the future 
conditions which will be a result of the road 
construction. The proposal for this methodology was 
influenced by the published papers by the following 
autors:Mc L e a n  & G r i b b l e  (1979);Fookes et 
al., (1985); I p p o 1 i t o et al., (1991); D a c h r o t h 
(1992). 
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Methodology 
T y p e s  of i n v e s t i g a t i o n  w o r k s  u s e d  i n  
r o a d  c o n s t r u c t i o n  

In order to determine successively and precisely 
the characteristics of the terrain (environment) 
during road construction, it is necessary to plan all 
preliminary works so that the results can be applied 
to all phases of the project: planning, construction 
and maintenance. Several types of investigations and 
their results are presented below. 

Morphological investigations have the objective of 
determining the relief formations, their origin and 
the changes they underwent in the past, and also of 
predicting the changes which will be caused by the 
construction of the road and its influence upon the 
relief. All these changes will significantly affect the 
design of the route and the accompanying facilities 
( B r u n s d e n  etal.,1975;Dachroth,1992)and 
hence, the total constructions cost. Consequently, it 
is necessery to mark zones differing in elevation and 
morphology (F o o k e s et al., 1985),that can be 
found in great number along the Croatian coastal 
belt of the Adriatic sea. 

Climatic conditions, rainfall, temperature, wind 
and fog can be limiting factors in road construction 
processes, particularly in mountainous zones. The 
climate influences the selection of the route, the 
dynamics of engineering works and the road 
maintenance schedule. Climatological factors also 
affect the degree of rock weathering, i.e, the stability 
of cut slopes, particularly in periods of intensive 
rainfall (S t a r k e 1,1976; F o o k e s et al., 1985). 

Lithostratigraphical investigations of rocks in karst 
and flysch terrains will yield results which will 
influence the design of the road, the tunneling speed 
and the protection of tunnels und cut slopes in 
excavations and fills. The stability of the cut slopes 
will depend upon the types of layers and their degree 
of weathering, the atmospheric conditions and the 
presence of groundwater. The lithostratigraphical 
features will also influence the selection of locations 
for temporary quarries and the appearance of 
torrents, slides and slips, i.e. phenomena which can 
have hazardous effects upon the stability of the road. 

Tectonic investigations are very important in the 
design phase, but also during the road construction 
and its maintenance, especially with regard to 
tunnels, cuts and excavations. Such investigations 
should be given priority since tectonic movements 
affect the engineering-geological and hydrogeological 
characteristics of karst and flysch terrains, i.e., those 
features which directly influence the planning, 
construction, protection and maintenance of the road 
and related structures. Remote sensing methods are 

very suitable in defining these tectonic movements 
and should be used as often as possible. 

Engineering-geological investigations of rocks and 
terrains are carried out in order to determine the 
natural endodynamic and exodynamic processes and 
phenomena, composition, stucture and properties of 
the layers along the route corridor which makes it 
possible to predict the possible changes and type of 
protection required for each specific case. 
Engineering-geological characteristics of the rocks, 
either at the surface or immediately below it, are the 
final product of the influence exerted by various 
factors; those which affected the rock directly at the 
place of its origin, and those which changed the 
characteristics of the rock in the course of time (M c 
L e a n & G r i b b l e , 1 9 7 9 ; I p p o l i t o e t a l . , 1 9 9 1 ;  
D a c h r o t h, 1992; e s t a n o v i 6,1993). The 
investigations related to the engineering-geological 
features of the terrain should include the 
determination of structural-geological (B a d g 1 e y, 
1959; B r a u n et al., 1992, S e s t a n o v i C et al., 
1993), petrophysical (S c h o n, 1983; K o b r a n o v a, 
1989), neo-tectonic (P r e 1 o g o v i 6, 1989) and 
seismic characteristics (C v i j a n o v i 6, 1983.a and 
1983.b). Along whith engineering-geological 
investigations it is necessary to make some 
investigations in the domain of the rock mechanics as 
well, not only in situ (rippability, heterogeneity, 
anisotropy, tensity), but also on the samples and 
physical models measured in the laboratory 
(hardness, moduls of contractility, moduls of 
elasticity, moduls of deformity, compressive strenght, 
pulling strength, as well as flexibility and sliding 
strenght, tenacity). The achieved results of the 
investigations will be used for making a physical and 
(or) mathematical model in order to ascertain 
structural-geological characteristics of the rock in (or 
on) which the highway will be constructed. 

Hydrogeological investigations of the rocks and 
terrains, particularly within the geological framework 
(H e r a k, 1957,1975, 1977, 1990. and 1991), include 
the determination of the groundwater origin, its 
circulation, depth, regime, water budget, quality of 
water particularly presence of the main cations 
(ca2', M~", ~ a ' ,  and K') and anions (HCOP, 
S042-, and C1-) as there may be brought some erosion 
and corrosion effects upon the rocks; all these factors 
are important in predicting the changes which will 
occur during the road construction and its 
maintenance (I p p o 1 i t o et al., 1991; D a c h r o t h, 
1992). In karst terrains special attention should be 
paid to the protection of groundwater from 
pollutants from the road (M a r g e t a et al., 1985; 
S e s t a n o v i 6,1985 and 1986). 

Geophysical investigations have two main 
objectives: first, to provide help in engineering 
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geological map-work in covered terrains and in the 
assessment of the groundwater level for 
hydrogeological purposes; and second, to determine 
various of the relevant physical parameters for the 
successful design of structures (tunnels, cuts, 
excavations and foundations for viaducts and 
bridges). Recommended are seismic and geo-electric 
methods while other geophysical methods (such as 
magnetic methods and gravity methods) should be used 
lessfrequently(Ovorak,1970;Sviben&Andri6, 
1977;AndriC&Sviben,1983,Zagorac,1983). 
These investigations are predominantly carried out at 
the surface, but they are also carried out in 
exploratory boreholes or among them, as well as in 
natural or man-made (artificial) underground 
structures. 

Test trenches are excavated in terrains with a thin 
surface layer in order to determine the characteristics 
of the subgrade soil. These works include exploratory 
cuts and excavations and exploratory shafts (pits) 
( M a g d a l e n i 6 , 1 9 8 3 ) .  

Eqloratory boreholes with core drillbags yield a 
number of data on the rock characteristics and soil 
composition. The core samples yield information on 
the types of layers, their cracking, weathering and 
contents of groundwater. Exploratory boreholes 
make it possible to carry out geophysical 
measurements in order to determine the following 
factors: physical characteristics of the rocks, 
groundwater depth, oscillations of water level and 
direction of flow, permeability and implementation of 
grouting curtains in the underground; which makes 
them very prominent among all the investigations 
carried out on the terrain (M a g d a 1 e n i 6,1983). 

Laboratory tests, particularly those used to 
determine deformability and strength (N o v o s e 1, 
1983) are very important for the design phase. These 
tests can be properly carried out and will yield 
satisfactory results if all mineralogical-petrographical, 
physical and rock mechanical features and the influence 
of atmospheric conditions and chemically aggressive 
substances upon rocks are precisely defined. 
Mineralogical-petrographical features are particularly 
important since they yield data on the mineral 
compostion, structure and texture of rocks which 
influence their strength, hardness and stability. Physical 
features determine the rock as a real medium which 
makes it possible to draw conclusions on the following 
characteristics of rocks: discontinuity, anisotropy and 
state of stress under natural conditions. Such findings 
are used for predicting the terrain-structure 
interaction, changes in the terrain caused by road 
construction and for the development of 
mathematical and physical models used for solving 
many relevant problems before the onset of 
~nstnrction(MagdaleniCetaL,l980, R a z o v s  k i j  

et al., 1987). Rock mechanical features (tensile 
strength, compressive and bending strength, 
toughness, abrasion strength, elasticity, workability 
and hardness) also contribute to the definition of 
rock mass characteristics and make it possible to 
ensure optimal organization of the works: sheduling, 
planning selection of equipment, machines and 
explosives, etc. The data on the influence exerted by 
atmospheric condition and chemically aggressive 
substances upon the rock will make it possible to 
ensure proper protection along the sections where 
necessary. 

Geodetic surveys, although mentioned last, there 
are of great importance from the geological 
standpoint since they make it possible to precisely 
locate faults, large fissures (cracks), karst 
morphological phenomena, changes in the 
composition of flysch layers, and as well as the 
support to all other investigations. These surveys 
(carried out within geological investigations) are 
carried out during all phases of the road design, 
construction and exploitation, but mainly in the 
preliminary design phase and during road 
construction. By precisely locating any geological 
phenomenon it is possible to successfully solve the 
problems and, thus, to increase the speed of 
engineering works. 

All the presented types of investigation works 
represent the basis of the methodology used and are 
functionally connected following a logical sequence. 
Understandably, the plan of investigations and 
conclusions related to the results, i.e. the influence 
upon the terrain and the road, should be developed 
by a team of experts among which there is a leading 
role of the engineering geologist. Team work is 
necessary in all phases in order to ensure that the 
works will be carried out step by step and thoroughly. 

T h e  i n t e r a c t i o n  b e t w e e n  p lan ing ,  inves t i -  
g a t i o n  works and  cons t ruc t ion  phases 

Having defined what investigation works should be 
carried out in order to achieve the integrity of the 
investigations, it is important to determine their 
position with regard to the structure type and their 
quantity, according to the phase of the project 
development. The investigations have the following 
objectives: 
* the feasibility study should be used to determine 

the possibilities for alignment along the desired 
route corridor, 

* preliminary design, with the determined position 
of the alignment and of all the structures with the 
accompanying facilities, 

* final design, with a finally defined alignment, 
structures and their method of construction. 
The structures which require these investigations 

are, as follows: 
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* the alignment (road corridor), 
* tunnels, 
* viaducts, bridges, subways and overhead crossings, 
* cuts and excavations, 
* fills, 
* culverts, catchpits and other facilities for the 

treatment of waste water and its drainage from 
the road. 

Accordingly, the type and range of investigation 
works will depend upon the terrain, the phase of the 
project development, the construction and exploitation, 
and the function of the structure. 
Investigations works required for the feasibility study 

This phase of investigation works should result in 
the following objectives: 
* comprehensive knowledge of the morphological 

and climatological factors, 
* main data on  the lithostratigraphical and tectonic 

features of the planned road corridor (referring to 
the geological maps, and available published 
papers, and visit to the construction site, with 
special attention focused on structures location) 
as shown on the maps (1:50000), 

* main data on  engineering-geological and 
hydrogeological features, based on data on terrain 
structure and tectonic movements, particularly for 
the location of elements of the surface water 
drainage system, 

* degree of seismic sensitivity of the sections 
(aOcording to available maps and previous 
investigations). 

Investigation works for the preliminary design 
After the alignment and location of all facilities 

hae been determined, the next phase is site 
investigation which includes all data that help 
engineers in the development of both preliminary 
and final designs. Hence, in addition to the available 
morphological and climatological features, 
determined by site exploration in the feasibility study 
phase, this phase should define: 
* comprehensive lithostratigraphical features and 

tectonic movements by making detailed geological 
maps in the corridor which should be up 500 
meters wide on both sides of its axis, depending 
on the complexity of the geological features of the 
terrain and of the structure type found at the 
particular section while the decision about it is 
made by team of experts who are planning the 
investigation works. The results for the entire 
alignment are presented in maps (1:25000) and 
the location of the structures on maps 1:1000. 

Engineering-geological, hydrogeological and 
geophysical investigations, test trenches and 
exploratory boreholes, laboratory tests and geodetic 
surveys are successfully carried out by following a 
logical sequence, taking into account the results of 

lithostratigraphical investigations and tectonic 
movements in order to define the following factors: 
* engineering-geological features of the rocks and 

terrain: development of engineering-geological 
maps and cross-sections for the entire alignment 
(1:25000) and for the respective facilities (scale 
1:10000 to 1:1000); structural-geological maps of 
the site (B a d g 1 e y, 1959; B r a u n et al., 1992; 
5 e s t a n o v i C e t  al., 1993), particularly 
tunnels, excavations and cuts and locations for 
the pile foundations for bridges and viaducts and 
sites for outfalls (outlet structures) while 
evaluating the characteristic of the layers, cracks 
(their origin, position, width, length, type of 
filling, surface shape and displacements), faults 
and folds, existence of cracks under the route or at 
the sites of structures (B o 2 i C e v i C, 1983; 
R o j e-B o n a c c i e t  al. ,  1993) definition 
of the neo-tectonic movements (P r e 1 o g o v i C, 
1989); unstable slopes and slides; prediction of 
the slope stability in cuts and excavations (H o e k 
& B r a y , 1 9 7 4 ; G a z i e v & R e c h i t s k i , 1 9 7 9 ;  
V u j e c, 1980; S e s t a n o v i C et al., 1989 and 
1994) and their protection, plotting data onto the 
maps (1:2000 to 1500); exodynamic processes and 
events, predicting the changes caused by the road 
construction; petro-physical characteristic (S c h o n, 
1983; K o b r a n o v a, 1989); locations for 
temporary quarries; classification of the terrain 
according to the degree of karstification and rock 
mass quality in accordance with the methods 
applied in rock mechanics (IS R M, 197% M c L e a  n 
& G r i b b l e , 1 9 7 9 ; N  o v o s e 1 e t  al., 1980; 
C r n k o v i C, 1983;  R o m a n a ,  1985). 

* hydrogeological features of rock: hydrogeological 
maps and cross-sections for the entire route 
corridor (1:25000) and for the structures (1:10000 
to 1:1000); groundwater levels and their 
oscillations, direction of groundwater circulation, 
capacity of springs, chemical composition, main 
leakage zones, possibility of waste water 
collection and treatment, drainage channels. 

* geophysical investigations should be carried out 
particularly along those route sections where the 
structures will be located. First, the methods for 
field measurements are applied and the data used 
as a basis for planning trenches and exploratory 
boreholes. Geo-electric profiling with various 
electrode distribution is successfully applied in 
order to determine weak fault zones, while the 
seismic-refraction method is applied to determine 
the degree of karstification and intensity of 
fractures in depth. By measuring S waves 
velocities in addition to P waves velocities it is 
possible to obtain information on the average 
dynamic elastic features of the material. Dynamic 
constants of elasticity are computed: Poisson 
coefficient, Young s modulus, shear modulus and 
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incompressibility modulus are translated using 
the known correlation relations into the static 
values necessaly for the design process (A 1 e k s o v s k i 
& M i r a k o v s k i, 1988). The contact between the 
karstified carbonate rocks and flysch layers is 
determined by using the geo-electric grouting and 
seismic shallow reflection methods. In addition, 
the seismic shallow reflection method makes it 
possible to locate, in the depth profile, the 
tectonic zones and caves as well as cavern systems 
(Masuda ,1975 ; Imai ,1975 ;Aran&elov iC ,  
1976). Geophysical investigations are also used in 
order to plan a minimum number of exploratory 
boreholes and yet achieve optimal results. This 
economical aspect has to be considered since 
exploratory boring is the most expensive 
investigation phase. 

* test trenches should always precede exploration 
boreholes, since they less expensive and can be 
excavated easily and quickly. They make it 
possible to determine in situ the thickness of the 
wearing surface and the integrity of the rock in 
covered terrains. These investigations can also 
include exploratory shafts (pits) on the sites for 
the foundations of piles in viaducts and bridges, 
exploratory shafts for determining the quality of 
layers in the tunnel layout (gabarit-outline, 
overall dimensions). 

* exploratory boreholes should be drilled at the site 
of tunnels, cuts and excavations and also for the 
foundations for the piles on viaducts and bridges, 
particularly if certain anomalous zones have been 
discovered by geophysical investigations (in 
karstified terrains caves and caverns). Exploratory 
boreholes (number and layout) should be 
generally planned according to data obtained by 
all previous investigations depending on the 
complexity of the terrain and the planned 
structure which will be carried out. 

Investigation works for the final design 
Detailed investigations in the preliminary design, 

feasibility study and final design phases, according to 
this methodology, make it possible to carry out 
additional investigations, if necessary, only on the site 
of the structures. Such additional investigations may 
be required during the construction of tunnels in 
order to determine, as precisely as possible, the 
engineering-geologic planned profile of the tunel. 
Furthermore, additional data can be obtained by 
geophysical explorations in the borehole using "down 
hole" and "cross hole" methods, and by seismic 
tomography and well logging in order to determine 
the weakened zones in the tunnel transect. 
Additional geophysical investigations can also be 
necessary at locations where there are steep cuts and 
deep excavations, piles for bridges and viaducts and 
especially at  sites of facilities for the collection and 
treatment of waste water from the road. The 

objective of all these additional investigations is to 
accurately define the rock mass in the terrain as an 
actual medium. 

I n v e s t i g a t i o n s  c a r r i e d  o u t  d u r i n g  r o a d  
c o n s t r u c t i o n  a n d  i t s  m a i n t e n a n c e  
Investigations carried out during road construction 

During road construction the investigation works 
are carried out mainly on the structures in order to 
test the results and to modify the design should a 
problem arise during construction. 

During the tunneling process continual 
engineering-geologic recording of the real state of 
the rock mass is carried out including the facing, sides 
and arches after each blasting (B a r C o t & B o j a n i 6, 
1993) and classification according to RMR system 
(Bieniawski,1973)andQsystem(Bartonetal . ,  
1974) and the stability control of underground 
excavations. The results are presented in drawings 
(scale: 1 5 0  to 1:100), and the final actual profile 
along the tunnel axis and the completed 
engineering-geological profile are presented at a 
scale 1:1000 to 1:10000. These data are particularly 
important when comparing the planned and actual 
states in order to verify the categories of the rock 
mass and excess blasting, which represents the only 
reliable documentacion in the final financial 
statement. 

Hydrogeological investigations are used to 
determine the sites of water inflow, its quantity and 
the humid zones, which is necessary for determining 
the dimensions of drainage channels and for planning 
protective activities. 

Geophysical investigations are used in this phase 
to determine the composition and physical properties 
of materials in the tunnel. A very suitable method 
employed is "petite seismic", seismic profiling with 
small bases. Other measurements include the 
velocities of elastic waves in shallow boreholes dug 
for that purpose at the side and arch of the tunnel. 
Detailed data can be obtained by using the 
micro-geo-electric profiling methods. 

Post-cons~ct ion stage 
When road construction is completed, before it is 

open for traffic, it is necessary to carry out zero 
observations of all relevant bench marks on the 
structures, to records interesting details, and to 
compare the original plans with the completed state 
considering the entire road and its accompanying 
structures. During this stage, quality control is 
necessary once a month during the first year, and 
later at least twice a year. These investigations 
include: 
* the influence of current geological exodynamic 

processes and events, particularly in the areas 
which were affected by road construction, 

* possible settlement of piles under bridges and 
viaducts, 
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* condition of the lining in the tunnel and possible 
displacements, 

* condition of outlets (drainage channels) and 
other facilities for water drainage, 

* possible settlement of the fills. 

Discussion and conclusions 
The absence of a consistent methodology which 

can be applied to roads in the limestone (karst) and 
clastic (flysch) terrains in Southern Croatia has 
resulted in the investigation stages and investigation 
works which, to a certain extent, differ depending 
upon the complex composition of the terrain and the 
experience of the planners. Insufficient investigations 
during the design phase made extensive additional 
investigations necessary during the construction stage 
which increased the cost of the road and slowed down 
the engineering works. Another negative factor was 
the fact that the investors were reluctant to approve 
comprehensive investigations during the planing and 
construction stages because they considered them to 
be expensive; consequently, the planners were 
hindered in implementing their ideas and programs. 

The suggested methodology, based on the 
experience of local and foreign researchers, should 
represent a basis for an integrated approach to 
programming and implementation of feasibility 
studies in road construction. This methodology 
cannot, be applied to all cases; it can be a basis for 
the verification and assessment of theoretical 
findings and, subsequently, can be expanded and 
modified in accordance with new requirements. 

The governing principle in the development of this 
methodology was to connect the types of feasibility 
studies efficiently with the structures and design 
stages in order to achieve a gradual and integrated 
process. 

Tablel. Review of the interaction between the investigation stages and 

Consequently, we believe that the feasibility study 
phase should include the solution of the problems of 
morphology and climatology in a wide route corridor 
with the main data relevant for the alignment of the 
road. 

The preliminary design stage, which follows after 
the alignment has been determined, should solve all 
relevant problems related to road design and its 
construction. According to the suggested methodology 
in the preliminary design stage, the conditions and 
possibilities of implementation should be almost fully 
(according to the programme) and completely 
(according to the degree of precision) defined. The role 
of the geologist, for mapping and tectonic movements, 
is extremely important in this phase, since without 
accurate and comprehensive solutions to the problems 
of lithostratigraphical and tectonic factors the field 
researcher in engineering geology, hydrogeology and 
geo-physics will not be able to find efficient solutions. If 
these conditions are not adopted, the suggested 
methodology becomes meaningless. The final results of 
the studies in the preliminary design phase should be 
anslyzed and coordinated by the project planners and 
investigators. 

In the final design stage it is possible to encounter 
problems which cannot be solved according to 
previous studies. Therefore, this stage (if the previous 
phases had followed the suggested methodology) 
should include additional studies of specific sites 
which can be quickly accomplished without slowing 
down the work in progress. 

The construction stage includes engineering-geological 
supervision. The supervising engineer should use the 
obtained data to verify that planned works have been 
realized and may, if necessary, decide on required 
modifications of the project (field design during 
construction). 

investigation works with regard to the structures 

Legend: RA = mute alignment; 
TU = tunnels; 
VB = viaducts and bridges; 
CE = cuts and excavations; 
FI = fllls; 
OS = outlet structures and facilities for the collection 

and drainage of waste water; 

detailed comprehensive investigations; 
H first data; 
8 possible additional detailed investigations; 
X supelvision; 
Y occasional investigations. 
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The post-construction stage (when the road is in 
use) requires occasional control (initially more 
frequent), and the surveyors, after zero recording of 
t h e  bench marks on the structures, observe the 
deformations and settlement at certain time intervals 
(initially more frequent). 

The suggested methodology is presentend in Table 1. 
Considering the possible and planned intensive 

construction of roads in Croatia in limestone (karst) 
and clastic (flysch) terrains after the war, it will be 
interesting to test the suggested methodology on 
actual examples and to note its advantages and 
disadvantages in order to make improvements in the 
course of time. 
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