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ABSTRACT

The Republic of Srpska, which is an integral mdrBosnia and Herzegovina, was affected by intense
precipitation during May 2014 and May 2015. Thetinern part of the Republic of Srpska is located
between the plain area of the Sava River and thentain massif of the inner Dinarides, while the
eastern and western parts are confined to thesriveina and Una. Increased precipitation, which in
2014 was three times higher than the averagejadetl large number of landslides, and most of them
threatened the facilities of various purposes. ¢ewr later, in the same month, this area was dgain
by intense precipitation, less than in the presigear, but more significant by the size of actdat
landslides.

The most significant landslides were formed altimg roads, and the degree of damage is different,
depending on the method of construction and maamtee during exploitation.The slopes on which
roads are built are in general conditionally staldnd for years have kept their stability in nakur
conditions. By engineering interventions during tbonstruction of the roads, the natural state of
balance was disturbed, which was manifested wélhyd since the slopes were not well repaired. The
open terrain profiles on the slopes created faleraonditions for water to flow into the quasi
homogeneous and heterogeneous clay sediments; Wigdr stability was disturbed.

The roads that were built of good quality as vaslislope reparations during construction did neeha
significant damage during intense precipitatiobhaigh some of them were built several decades
earlier. During the inventory of landslides on tluads, the effects of elemental and anthropogenic
processes were analyzed, where 23 of the chasdittelandslides were selected. The periods of
construction before and after 1990 were separ#hetljs, the periods of earlier quality constroltbdf
facilities from today's modern one.
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INTRODUCTION

Terrains on which the roads are built in the Reipubf Srpska are mostly conditionally stable or
unstable slopes. They are built of clay sedimerits/€y marls, petrificated clay, clay, and alevss)

and sandy sediments of different degrees of sauravith water from atmospheric deposits or
collectors in the outback. The formation of landisi on roads is related to the elemental and
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anthropogenic processes. Which of the above faetilshave a greater impact depends from the
period of environmental disturbance. Dry periodsirtyithe year are not characteristic by elemental
processes when the landslides are formed, butectikatconditions for the development of landslides
after the rainfall periods. High temperatures l¢adhe drainage of the surface area of the terrain,
creating larger cracks, which after the first rallsf absorb the water and degrade the structutieeof
surface sediments. This is more characteristidhiéonhountainous or slightly aslope terrains, which
leads to disturbance of natural environmental lwaaand activation of rock mass, resulting in a
formation of landslides of a certain scale [1,238.7,8,9].

Construction of facilities often results in a diftance of terrain stability at all weather seasuring

the year, depending from the degree of its nasteddility. This phenomenon was more characteristic
to the end of the 2Dand the beginning of the $tentury, since the construction with time has
become more frequent. Engineering activities, wétspect to the influence of humans on the change
of natural state of the rock mass during the constin of facilities, have given more significartoe

the anthropogenic processes, especially in therspifensufficient awareness that it is necessary t
conduct the field studies of terrain first and therstart with construction. Today everything isnige
built rapidly, which is especially notable in lindacilities.

This period can be named as “the modern construatfdfacilities”, whish is not organizationally,
professionally and scientifically characterizedsiihply imposed itself [10]. The negative resulfs o
construction of facilities in this period are viglduring or after construction, especially durthg
heavy precipitation, which this area has encoudtesece in May 2014 and in 2015.

In the first period of intense precipitation in M@@14, several thousand landslides were activated,
and the largest number was related to linear tessli primarily traffic roads. Almost all traffioads
from local to highways have suffered a certain degif damage. All significant landslides have been
recorded, primarily those ones related to the egeldmg of the population and facilities of interést

the social community [11]. The period of May 20%5characterized by the appearance of a smaller
number of landslides, but significantly larger themthe previous period. Mostly these are the
landslides on the slopes where the balance situatas deteriorated during the heavy precipitation i
May 2014, and now the process is just finished.[12]

The question that arises is how far the formatibrandslides in the road zones is the result of the
natural elemental processes, and what is the rekeligineering activities during the constructain
facilities [4,5,11,12,13,14,15,16,1,7,18,19,20] Téxedslides on roads built before 1990 and aftat th
period were analyzed. This delimitation was takerageriod of change of the social system, which
left the consequences in the field of facility doastion.

As part of one of the UNDI projects, a number afdslides in Bosnia and Herzegovina was visited,
and a short overview of the surveyed landslidegh@nnorthern part of the Republic of Srpska was
presented in the study.

THE REASONS FOR RESEARCH

During the May of 2014, the weather was variabléehwirequent and increased precipitation.
Especially the period from May 14-17, when the @ased precipitation caused severe floods in
northern part of the Republic of Srpska, figur@e amount of rainfall was up to three times then t
average Www.rhmzrs.com/meteorologija/mjesecne-anglizand in some places May had the highest
amount of precipitation since meteorological obagons were conducted in this area, figure 2.
Another significant period was in May 2015, whea frecipitation was significantly lower compared
to May 2014, but still slightly higher than the eage annual rainfall of this month.

The landslides formed during the mentioned peréfddreat consequences on the field, especially on
linear facilities, and mostly on roads of loweregairies [11,12]. Almost all roads in the northeantp

of the Republic of Srpska are damaged, primarigy ritads of local significance more than regional
and main roads. Due to the need of quick restaraifaroads, putting them back in the function and
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establishment of normal communications, an inspeatif all the landslides on every important road
was carried out.

Figure 1. The area affected by increased rainfalllandslides on significant roads, during May, 201
I. Western part—area of Prijedor, 1l. Southern parrea of Banja Luka,
Ill. Southern part—area of Doboj, IV. Eastern padrea of Bijeljina

300
250
200 -
- .
150 | Average perennial
®May 2014
100 May 2015
N 1 i
0 - T T . T T
Prijedor BanjaLuka GradiSka Srbac Doboj Bijeljina

Figure 2. Precipitation in May 2014 and 2015
(source Hydro meteorological Institute of the Rdjmubf Srpska)

The landslides formed during the mentioned pergfddreat consequences on the field, especially on
linear facilities, and mostly on roads of lowereggiries [11,12]. Almost all roads in the northeantp

of the Republic of Srpska are damaged, primarigy/ riteds of local significance more than regional

and main roads. Due to the need of quick restoraifaroads, putting them back in the function and

establishment of normal communications, an inspeatif all the landslides on every important road

was carried out.

For the assessment of landslide formation, thel fiel/estigations were used, which included the
period of 2014 and 2015 year. The number of laddsliformed in 2015 is considerably lower, but
they were larger in size, which suggests that tieegss of deterioration of their conditionally $éab
condition began in 2014, and ended in 2015. Theareb included:
e inventory of all the road landslides occurred aftee intense precipitation in 2014, and
updated with data from 2015.
* engineering-geological mapping of the landslide #m& slope on which the landslide was
formed
» description of landslide type from the aspect atlis process and part of the road
vulnerability (above or below the road route)
e geodetic mapping of all the elements of the ladésli
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* making an exploratory cut on the lateral side eflindslide in a stable part of the slope
* mapping the open profile of the exploratory cut aaking samples for laboratory tests of
shear resistance parameters

Expected results of the conducted research anmtade answers to the following:
» reasons for the occurrence of landslides
0 due to the elemental processes or engineeringtaagiv
o due to the method of road constructions througifferent period of time
« degree of traffic road vulnerability
* to select the characteristic landslides for whidbrjiy reconstruction is needed

Geological characteristics of terrain

The complexity of geomorphological characterisiosl geological composition of terrain has had a
different impact on the occurrence of landslidesh@nroads. The northern part of the explored regio
is plain area and borders with the Sava River whiefdes Bosnia and Herzegovina from Croatia.
The western, southern and eastern part of thartdsraountainous, and road routes extend along the
bottom of the slope, along the slope and alonddps of the slope, actually along the boundaryhef t
watershed. The altitude differences range from-1%00 m.a.s.l.

The landslides occurred on all parts of the sldpm smallest number occurred along the bottom of
the slope because the slopes of the terrain amkahanrelief forms were milder. Larger numbers of
roads are characterized by the direction of the roate along the slope with different inclinatibna
the way to the topographic watershed and agaim@wther side of the slope to its base. On theesout
of these roads there are geomorphological forms) imild to steep slopes, permanent and occasional
streams to steep ravines. The slopes are chawstiely a different degree of stability in natural
conditions, and with the construction of the roatethe roads in some of its parts, it comes to the
deterioration of stability conditions. To what axtehis conditional stability or created instalyilit
during the construction is successfully recons&dgcthe time will show after the construction of th
road and its exploitation over the time [21,22,2%3].

CONDUCTED RESULTS OF RESEARCH

The identification of landslides is performed vikp&rom the moment of its occurrence to the grddua
stabilization. On some sites, the processes toakeplery quickly or almost instantly, and some
gradually during the three days of intense preaijgh and after their cessation.

Of the registered several hundred road landslittes,characteristic ones and important landslides
were analyzed. Selected landslides are recordeshdiyeering-geological and geodetic methods, and
a recommendation is given on the scope and typessefrch in order to determine the mechanism for
the occurrence of landslide, their size and metifodconstruction [11,13,15,26,27,28,29,30,31,32].

Surveyed landslides are mapped by engineering-gealomethod that included a wider area from the
aspect of studying the slope character. Geodetithods have determined the contours and
dimensions of the landslide with significant affstiarea and the volume of moved ground mass. The
area of the landslide can be accepted as the toake at the time of measurement, while the valum
of the moved ground mass is determined based ordii@ated depth of the sliding levelby certain
profiles, table 1.

The inclination angle of the slope is determineddach location by GIS program and represents a
natural inclination before the sliding process [2Bh the area affected by sliding, the morpholofyy o
the landslide is different and changes the natim@ination of the slope. All the elements of the
landslide were recorded in detail.
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Table 1. Basic geometric characteristics of thel$tide

Landslide] Number of Area Volume Length Width Inclination
group | landslides (m?) (m)® (m) (m) of slope {)
1 2630 12123 123 27 26,6

2 1911 5693 39 61 17,2

3 3562 11543 51 79 22,1

4 1621 5727 37 55 18,5

5 3127 2511 53 72 9,2

6 1981 2123 32 86 27,2

7 1857 5838 32 71 16,7

Il 8 2962 8756 43 78 12,1

9 712 1202 25 34 27,6

10 6720 4396 67 120 12,8

11 3792 5761 62 76 23,6

12 1721 3391 47 52 12,1

Il 13 13290 43458 93 17,9 21,3
14 9653 16671 88 123 17,6

15 1095 3688 25 48 11,2

16 2127 11606 42 87 28,4

17 2131 5431 29 79 27,5

18 10211 32235 217 53 17,2

\Y 19 12859 44862 157 77 28,7
20 63217 237723 327 219 13,3

21 10413 28123 179 112 26,3

22 19197 45327 137 156 17,2

23 3297 12163 57 63 25,1

23 characteristic landslides were analyzed andsified into four groups according to their area of
origin. Each landslide is marked with a number frbm 23, and their spatial position is shown in
figure 1. Surveyed by the selected groups from\,-the slope inclinations on which the landslides
formed values from 9,2 - 28 4able 1. Selected landslides are divided inteahrategories, where it
can be seen that the landslides are more presesib@es with higher inclinations. They classifithe
second and third category with inclinations from-25’and > 25, figure 3.

EGroup |

m Group Il
Group 1l

B Group IV

O P N W b~ 01 O
1

Number of landslides

<15 (6) 15 - 25 (9) > 25 (8)

Slope inclinationq)

Figure 3.Landslide chart according to inclinatidrslopes by selected groups | - IV

Similar slope inclinations are characteristic te targest part of recorded landslides in Bosnia and
Herzegovina during that period [11,12]. Also in destic and foreign literature there are data
indicating the occurrence of landslides on thesgpeslinclinations. The domestic researchers
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[33,34,35], accept the classification of authorsnfrthe former Yugoslavia, of which the most
significant are [36,37], which according to thep&anclination select four categories of which the
most common landslides are in the category from- T&’. In the literature of foreign authors
[6,2838,39,40]), we find that during their resemshhey registered over 60% of landslides in the
inclination category from 10 - 80

So far there were no any detailed studies alongrtiael routes on the territory of Bosnia and
Herzegovina, so these results are preliminary tartadyzed in the forthcoming period. Similar slope
inclinations are characteristic to the occurrenténdslides in other parts of terrain as well, vehe
there are no infrastructure objects, which poiatthe fact that in the category from 10 8@ most
widespread landslides are those ones on terraits 5@0 m.a.s.|.

The landslides have occurred at surface coverimgposed of poorly bound clay and clayey sandy
dusty stones. Below them are marls that make uguhstrate of the terrain. Occasional smaller sand
bands are often present, they have no much strebgtthave the properties of permeable rocks. In
natural conditions, a balance is maintained betwbencomplex of rocks on surface covering and
substrate, which can last for years, but also terieate instantly by engineering activities oe th
sudden inflow of water into the permeable rocks42143,44,45,46,47,48].

The formation of landslides on the roads is différieom the fact that they occurred above the road,
below the road, and one section of landslide cairtlad completely because they were formed above
and below the road, figure 4. By examining the & mentioned landslides, it was found that there
was insufficient level of terrain exploration alotige road route, especially in the part of condity
stable or unstable zones.
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Figure 4.Spatial position of landslides on the mad

23 of characteristic selected landslides show that majority of landslides belong to modern
landslides, a total of 21. The result is the disampof natural conditional terrain stability duginhe
construction or improvement of road quality and powintenance during the exploitation period.
They occurred during or after precipitation for el days in May of 2014 and 2015.

By the inspection of the periods of engineeringvdies on the roads, two periods were selected,
until 1990 and after 1990 figure 5, which coincidéith the period of change in the social system in
this region.

It can be emphasized that elemental processeseorotius are considerably less than in naturally
intact terrains. The reason for this is that thedrooutes were selected for more stable partsopesl
However, during the construction of roads, the ratstate of balance has been changed, especmally o
conditionally stable and unstable slopes. Thisasiibm had different impact on roads depending en th
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quality of their construction, reconstruction oketklope with the road routes go through and the
quality of road maintenance during exploitatior2[823,24,25,49].

20
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14
12
10

® until 1990
| after 1990

o N b OO

Elemental Anthropogenic
processes  processes

Figure 5. Overview of landslides on the roads aoistd before and after 1990
Landslides according to the size [36,37] are di&skinto five categories, and the explored lartksi
are located within four categories as per areathrek categories per volume. The largest number
belongs to the middle sized landslides, table 2.

Table 2. Landslide overview as per size — areavahdne

Type of Area Landslide Volume | Landslide
landslide (m°) goup | N | ¥ (m°) goup | (N) | ¥
very small <100 - - - <100 - - -
I 1
Il 3
small ~ 1000 I 1 1 ~ 5000 Il 1 6
\Y 1
I 5 I 4
Il 4 Il 2
middle ~ 10 000 Il 3 15 | =100 000 Il 3 16
\Y 4 \Y 7
1l 1 ~ 1000
large ~ 50 000 \Y 4 6 000 \Y 1 1
very large >50 000 v 1 1 >1000 - -
000

Selected landslides are observed in order to seepta extent to which they have occurred as dtresu
of elemental processes or engineering activitideeyTare mapped in detail by engineering and
geological methods, with special monitoring of @antng borders, since the frontal and lateral
scarring in some slopes were up to 2.0 m, cleadgamting stable from the triggered part
[1,13,27,39]. This explanation is conditional, givihat a part of the triggered slope is relateth&®
area of impact due to the reconstruction of theeslduring the construction of the road. Beyond this
impact, the slope retained the existing state.

At the same time, with the inspection of the laitischaracteristics, the slope reconstructionss al
considered at the time of construction, that i® tondition of the restoration facilities after the
occurrence of landslide. The slopes have beenregphy means of retaining walls, drainages, rarely
with piles or by combination of mentioned objedigure 6. All types of repairments are damaged,
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especially retaining walls and piles. The constamcof some retaining walls is not damaged, big it
moved together with the rock mass. It is evideat they were not founded deep enough in the hard
formation rock, but instead they remained in thefeme area. Some landslides had even earlier
damages that were repaired, and now damaged agathat various types of reconstructions can be
observed at different periods of time. Usually thaee retaining walls or walls and piles.

6
5
4 .
®Walls and drainages
3 ® Drainages
2 Piles
1 - = Without reconstruction
0 J

Group | Groupll Group Il Group IV

Number of reconstructions

Figure 6. Overview of the types of reconstructidislopes by selected groups | - IV

During the determination of the geometric charasties of the landslide, along each landslide, an
exploratory cut was done on its undamaged latédsd 2.0 to 3.0 m from the boundary of the
landslide, depth to the substrate [3,23,50].

By mapping the walls of an open profile of the exptory cut, we vertically separated quasi-
homogeneous loam clayey dusty rocks (group A) fraterogeneous clayey dusty sandy ones with
occasionally smaller sand bands (group B), tabMd&st landslides occurred as a result of movement
in heterogeneous rocks, where it is easier to idetde the conditionally stable state, especiallg tb

the increased presence of water.

Table 3. Landslide overview by the type of rock sdeey occurred in

Landslide| Type of > >A+B
group rocks | landslides| >, Description of rocks A B
A 1 Loam clay, dusty clay
I 5
B | 4 Dusty sandy clay
A 2 Dusty clay 4 19
Il 5
B | 3 | Sandy clay, sand bands
A — —
m- 1 o
B 4 Sandy clay, marl clay
A 1 Dusty clay
v o\
B 8 Sandy clay, sand bands,marl clay

A - quasi-homogeneous rocks, B — heterogeneous rock

Values of the resistance parameters, the angletefial friction ¢) and cohesion (c) determined in
the laboratory on samples taken in exploratory frota different layers are given in figure 7and 8.
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Landslides by selected groups
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Figure 7. Values of the angle of internal fricti@) and cohesion (c) by selected landslide groups
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Figure 8. Values of the angle of internal fricti@) and cohesion (c) by selected types of rocks
A. quasi-homogeneous rocks, D. heterogeneous racksgle of internal friction, *. cohesion

DISCUSSION

There are various definitions of the landslide ommce, which basically relate to the change in the
tensional state in the rock massif that forms tbpesof a different inclination. Changes can be ttue
natural and artificial impacts, named as elemesttainthropogenic processes [1,2,3,11,27,51]. Today,
the anthropogenic processes are more significactiroed because of engineering activities in the
field. Elemental processes have the continuityhefrtdevelopment, which is often not observed if
they do not take place in urban areas [9]. IntengKgineering activities in the field increasingly
deteriorate the natural state of balance, whichtesz“modern construction landslides” that are most
frequent along the road routes [9,10].

The slope inclinations at the locations of the esgl landslides range from 9,2 - 28%d they are
classified into three categories, figure 3. Obsgtwe the locations of selected landslide groupmfto
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- IV, the highest number of landslides occur at stwpe with inclination of > 20n group IV. The
terrain in this area is morphologically very deyedd and belongs to the mountainous part. In general
the analyzed landslides are related to slope iatitins that are often found in the literature data.

Poor field research, or insufficient knowledge ¢ characteristics, left the slopes completely

unprotected after the road construction, which wamifested by the occurrence of landslides.

According to data in Figure 5, there is a cleaindightion between the roads constructed before 1990

where only 2 landslides occurred from Group IV aseault of elemental processes. On roads

constructed after 1990, 21 landslides occurredwloch 18 were due to anthropogenic processes
resulting from poor construction or maintenanceradds. The landslides occurred as a result of
elemental processes are in a much smaller numblgr3oUnder the elemental processes on the roads
we implied those processes that were formed faveibiwe road route, where the natural balance was
not deteriorated during the construction, but thieditional stability of the slope was maintainedtop

the floods in May.

Open terrain profiles on the slope create favoratuaditions for water inflow into the quasi-
homogeneous and heterogeneous clay sedimentserfutétteriorating their stability [1,7,32,41]. In
addition to the surface inflow, the undergroundowf was such that the heterogeneous sediments
were completely saturated and sodden. The chaisicterof these sediments in such condition and
conditions of the examined samples taken later gangiderably.

Analysis of field research data and laboratoryingsbf samples from undamaged parts of the slope
shows that more realistic data are obtained inlpdmwund clay sediments than in heterogeneous.
Collecting the field samples and their processimghie laboratory, the samples from heterogeneous
environment partially deteriorate the natural bedéawof situation in relation to the observed in the
field, as opposed to quasi-homogeneous clay setsmehere the differences are smaller. The
obtained laboratory data are not sufficient becdbsg do not apply to every lithological character,
but only to the selected characteristic layer whusteiral balance is deteriorated at a distance@f 2
3.0 m during the occurrence of the landslide. Unbaditions when there is no possibility of cargyin
out instrument tests, the data of engineering ggodd mapping of terrain and exploratory cut togeth
with laboratory test data provide a sufficient bafsir getting to know the basic characteristics of
terrain and rock masses. The shear resistance gtmam$ and c) are categorized by the group of
landslides and the type of rocks, shown in figutesid 8.

The common characteristic for landslides from Tablie as follows: from group | - lll the angle of
internal friction is balanced as opposed to cohlesihile for group IV both parameters have large
oscillations from the landslide to landslide, figuf. The reason is a complex geological structuee d
to the structural tectonic influences, which amodmportant for creating the surface coveringhaf t
terrain in which the landslides occurred. Majevasaa mountain where the landslides of group IV are
categorized is considered to have the most coniplexin structure in this area.

More detailed observation of the parameters ostasce according to the type of rock in all groops
landslides is shown in figure 8. It refers to heggmeous rocks, according to the larger number of
samples. The oscillations of the parameters framddkde to landslide show the heterogeneity of the
rocks in a wider range, which requires a highereegf research when examining each landslide.

The values of the shear resistance parametera\aeble for the selected rocks of A and B, where i
natural conditions there is no deterioration of baance state. The balance is deteriorated at the
contact of the quasi-homogeneous rocks A and thierdgeneous rocks B, which are under the
influence of water and tend to move, especiallganditions of increased water quantity, their conta
with water-impermeable rocks or by deteriorationtluf overall natural balance due to engineering
activities in the field. Delimitation between guasimogeneous and heterogeneous rocks on some
terrains is difficult to determine as clay rocks asometimes more sandy, which makes them
heterogeneous within that package.

By review of damaged reconstructions on the roanslgcted at the time of their construction and
available project documentation, it is noted tle@bnstructions have not been appropriately conducte
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in accordance with the projects, and projects inostance with the geological-geomechanical
characteristics of the terrain. The constructiomeddining walls that were undamaged and moved by
the rock mass show that they were not based imahe rock [35,52,53,54,55,56,57,58]. They were
appropriately conducted in a constructive sensethmre was no good binding with the hard rock.
Drainages were not maintained over time, so theatekision shafts for collecting and draining water
as well as the drainage canals are neglected, veiphthe water in the rock mass, deteriorated its
structure and influenced the change in the tensdowlition and conditional balance.

The basic findings during the examination of thkected landslides are that the roads constructed
before 1990 are less damaged, not only during the fdinfall in 2014 and 2015, but during the entire

period of their exploitation. The roads construcadigr 1990 are almost all damaged with different

degrees of damage along the road route. The reaserfamiliar. The construction of roads before

1990 was in accordance with the applicable reguiatiat that time that required a higher degree of
research, prior to the development of project dantation. Thereby, the project documentation was
harmonized with the characteristics of terrain #mel obligation of slope reconstruction during the

construction of the road, and monitoring of thepsldehavior during the exploitation of the road.

Roads constructed after 1990 include a period pidraonstruction, which we have named here as
“the modern construction”. It is the constructidrfaxilities without sufficient previous geologicahd
engineering-geological research of the terrain, iantnproving the quality of existing roads, often
without project documentation, but it is all donaridg the phase of construction works [10]. The
results of such a way of constructing are the dasiad roads after heavy precipitation or winteretim
after snow melting. The May precipitation, whicha@14 and 2015 were the highest in that period,
highest recorded since the meteorological obs@mngiin this area took place, in a few days, damaged
almost all roads that were constructed on the pi@of “modern construction”.

CONCLUSION

The May precipitation that affected the northernt paf the Republic of Srpska in Bosnia and
Herzegovina by intensity was a threefold highemtlia the previous period since the organized
measurements exist on this area. The precipitdasted for three days in 2014, when several
thousands of landslides occurred. A year lateth@ same month, an extensive precipitation again
caused the new landslides, smaller in number butensignificant in size. The significance of
occurred landslides is different. Mainly they ogedralong the road routes, which were the subject o
study research after the cessation of precipitation

During the research of road degradation and theecatithe occurrence of landslides, priority isegiv

to roads that connect a larger number of inhalstahhe study presents 23 landslides that have
occurred on the route of the main road from Bijjito Prijedor and the branches of roads that are
connected with this route. The roads were congduut a different time period, leaving room for an
analysis of the degree of damage to roads consttuséefore and after 1990, or how much the
elemental (natural) processes contributed to tloeroence of landslides, and what was the impact of
anthropogenic processes, or engineering activdtieing the construction of roads.

The research found that the damages occurredessith of poor field research, discrepancy of priojec
documentation with the characteristics of the terrpoorly done reconstruction works, especially
with retaining walls or piles, inadequate drainagstem for water collecting and drainage, and poor
quality maintenance of roads during exploitationcréased quantities of water in heterogeneous
sediments reduce cohesiveness in the rocks, whidilected in the stability of the slope.

Road safety, facilities on the road routes, recanttd slopes damaged during the construction, as
well as terrain along the road route, requires ildetegeological geotechnical field research. The
results of the research are a compulsory basighfordevelopment of project documentation. The
extent and type of research works and laboratatg tshould be adapted to the characteristics of the
terrain, the road route, type of facilities on tloaite, as well as the reconstruction facilitiest t#uae
needed in places where the vulnerability of thpelie expected due to engineering activities.
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The inventory of the road landslides in the studd limited resources, but almost all the landslides
several hundreds of them were covered, and paatlguthe 23 of mentioned landslides were

analyzed. The study pointed to the need for a etestate strategy for the development of a lanéslid

cadaster and vulnerability of terrain along theteoef all roads.It would include the development of

guidelines for the construction and maintenanceoafls that would define the raising of awareness
and responsibility for the construction of facdii the economic justification, the quality of

construction, the maintenance of roads during teepioitation and the ability to act in emergency

situations.

In the past year, progress has been made in theoparcreasing knowledge about landslides and
reducing the risk of landslides by applying appiater reconstruction activities. For the maintenance
of the existing roads, special services have beganized and trained to continuously monitor the
situation on the roads during the year.
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