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FINANSISKI ASPEKTI SANACUE KLIZISTA
Zoran Radi¢!, Uro$ Durié¢ !
Y Univerzitet u Beogradu, Gradevinski fakultet, Bulevar kralja Aleksandra 73/1, 11000 Beograd, e-mail: zoradic@grf.bg.ac.rs)
Kljucne reci: klizista, objekti, sanacija, troskovi.
uvoD

U poslednje 3 godine u Srbiji ulaze se dosta napora, ali i nov¢anih sredstava, da se brojne nesta-
bilnosti, koje su se aktivirale posle obilnih padavina i velikih poplava od maja 2014. i dalje, stabilizuju, po
mogucstvu trajno. U slucaju velikih kliziSta u urbanim sedinama ili na saobracajnicama, sanacione mere
se planiraju po fazama, pri cemu prioritet imaju radovi na obezbedenju stabilnosti objekata i usposta-
vljanju normalnog saobracaja na putevima. Gradevinski zahvati koji se izvode u cilju poboljSanja stabil-
nosti padina su veoma razliciti, Sto uz razliCite uzroke pojave klizista i njihove dimenzije, ima za posledicu
veoma Siroke raspone utrosenih sredstava po sanaciji.

TROSKOVI SANACIA KLIZISTA

Pri sanaciji klizista, u proceni troSkova radova predvidenih za njegovu stabilizaciju, nisu uvek
merodavne pojedinacne promenljive koje prezentuju svojstva terena ili pojedini elementi kliznog tela.
Veliki je broj promenljivih, odnosno veoma su vazni uticajni Cinioci velikog broja promenljivih na cenu
konstrukcije pri saniranju klizista. Tu spadaju i geoloSka grada terena, morfologija padine, koli¢ina pa-
davina u funkciji duzine vremenskog perioda njihovog trajanja, stanje povrsinskih i podzemnih voda u
terenu, stepen raspadnutosti i ispucalosti stene, debljina kliznog tela, procene buducih promena na
saniranoj padini, primenjenog tipa hidrotehnicke ili geotehnicke konstrukcije ili obima zemljanih radova,
spremnosti prihvatanja rizika od eventualnih manjih Steta ukoliko kliziSte ne moze trajno da se umiri i dr.
Cinioci koji uti¢u na pojavu i razvoj procesa klizanja podeljemi su (Popescu, 2002) u 4 glavne grupe: uslo-
vi u terenu, geomorfoloski procesi, fizicki procesi i promene i procesi koje uzrokuje ¢ovek svojim delo-
vanjem, a sve ukupno ima ih 39.

Koliko su nekada troskovi potpune stabilizacije neke padine veliki problem i u nZenjerskom i u
finansijskom smislu moze da ilustruje sledeci primer. Troskovi izgradnje privremene obilaznice, da ne bi
doslo do potpunog prekida saobradaja, na autoputu ka San francisku u blizini mesta Pinole u Kaliforniji
1969.g., zbog aktiviranja klizista u duZini od 120 m, iznosili su oko 350.000 US S. Da su gradevinski radovi
na sanaciji bili sloZeni i skupi i u ono vreme, pokazala je kompletna sanacija padine koja je zavrSena u
nekoliko narednih meseci u cilju trajne stabilizacije terena. Kostala je preko 1.250.000 US $ (Smith i dr.,
1970, Schweizer and Wright, 1974).

Pri izgradnji stambenih objekata na uslovno stabilnim terenima, na 4 lokacije u Velikoj Britaniji je
pokazano (Barclay and Heath, 2015) da su troskovi fundiranja objekata na takvim padinama bili respek-
tivno vedi za 220%, 180%, 75% do cak 385% u odnosu na temeljenje istih objekata da su gradeni na
stabilnom terenu.

U juZnoj Indiji je na jednoj znacajnoj saobracajnici dugackoj samo 20 km aktiviralo se vise klizista
¢ije su sanacije iznosile izmedu 90.840 US $ i 779.500 US $ (Jaiswal at all. 2010) sa velikim indirektnim
gubicima prouzrokovanim otezanim saobracajem ili zbog prekida saobraéaja.

Zahvaljujuci razvoju baza podataka o pojavama klizista | njihovim sanacijama, kao i Sirenjem
drustvenih mreza, omoguceno je generalno sagledavanje | racunanje Steta zbog pojava nestabilnosti
$irom sveta (Salbego at al.,2015). Tako je za Svajcarsku utvrdeno da su, od 1972. do 2007. godine,
kliziSta i odroni kostali 520 miliona € (Hilker et al., 2009). NajviSe direktne Stete i najviSe sredstava za
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saniranje ugroZenih terena trosi Japan za koji postoji podatak da su ti troskovi na godiSnjem nivou oko 4
milijarde US S (Schuster, 1996).

U danasnje vreme budZeti za izvodenje radova na saniranju aktivnih klizista i poboljSanju svoj-
stava uslovno stabilnih terena su u mnogim zemljama u konstantnom smanjenju (Popescu M., Sasahara
K., 2009). Ovakav trend se opravdava ekonomskim ogranicenjima (razlozima). Medutim, apsolutno je
neizbezno stabilizovati najugrozZenije saobracajnice ili druge objekte na nestabilnim terenima i zato je
vazno, svakako i za nasu drzavu, veoma racionalno koriséenje sredstava koja se opravdano izdvajaju u tu
svrhu

Kod nas ne postoje zbirni podaci o Stetama prouzrokovanim pojavama nestabilnosti terena u
Srbiji, koje su bile narocito izrazene posle obilnih padavina | poplava od 2006.g., s proleéa i jeseni 2014.g.
i s proleéa 2016.g. Takode nema sumarnih podataka o troSkovima izvodenja radova na sanacijama
klizista, izuzev podataka (Radi¢ i dr.2016. i 2017.) od 2016.g. i nadalje, koji su prezentovani Siroj javnosti
zahvaljujuci Kancelariji za upravljanje javnim ulaganjima.

Tokom 2016. i 2017.g. preko pomenute Kancelarije, sredstvima iz Fonda solidarnosti EU i budze-
ta Republike Srbije, izvedeni su radovi na stabilizaciji terena na ukupno 38 klizista Sirom centralne i pose-
bno u njenim zapadnim delovima. Narucioci projektne dokumentacije su bile jedinice lokalne samoupra-
ve - opstine (za 22 klizista u 2016. i 5 kliziSta u 2017.) i JP "Putevi Srbije" (za 11 kliziSta).

Tabela 1. Pregled troskova sanacije klizista koje se realizuju preko Vladine Kancelarije 2016.-2018.godine.
Table 1. Landslides stabilization costs that were perfomred and handled by Goverment Office for 2016-2018.

Podaci o troskovima sanacije klizista Jedinicna Godina - Year
Landslide stabilization costs vrednost
Unit price 2016 2017 2018
Ukupna projektantska cena radova na
svim klizistima
1 1 . 4 409,4 1.

Total projected price of works on all (x1000€) 3.388,5 09,40 883,36
landslides
e orens o

. (x1000 €) (32 klizista) (5 klizista) .
Total contracted price of works on all (32 landslide) (5 landslide) 11 landslide to
landslides be stabil
Razlika u ceni (1-2)
Cost difference (1-2) (x1000€) 429,87 111,74 ]
Razlika u ceni 0
Cost difference (%) 127 27.2 )
Prosecno po kliziStu
Average by landsldie (x1000€) 92,46 49,61 )

Kako se nastojalo da se Sto vise izvodaca radova obavesti i da uCestvuje na tenderima koji su
sprovedeni za svaku sanaciju, ugovarane cene tokom 2016.g. (32 klizista) su bile niZe od projektantskih u
rasponu od 5% pa ¢ak i do 40%. Tokom 2017.g. sanirano je samo 5 kliziSta sa prose¢no ugovorenom
cenom za 27.2% nizom od projektantskih cena uz napomenu da su u pitanju sanacije manjih i plic¢ih kli-
ziSta. NajviSe su primenjivane hidrotehni¢ke mere - sistemi podzemne i povrsinske drenaZe: rovovi, dre-
nazna rebra, kanali, reSetke i Sahtovi, sa ispunom od lomljenog kamena ili Sljunka i sa upotrebom
geotekstila, propusti, kao i razliciti oblici povrsinskih drenaza: kanalete, sabirno-odvodni kanali, rigole,
drenaZni nasipi. Kao potporne konstrukcije najéesée su primenjivane gabionske konstrukcije i armirano-
betonski potporni zidovi razli¢itih visina koji su uglavnom temeljeni plitko, ali je bilo i onih temeljenih na
AB Sipovima.

Za 2018.godinu, do pocetka januara, uradena je projektna dokumentacija za 11 kliziSta sa
ukupnim projektantskim predracnom radova od 224.12 miliona dinara, Tabela 1. Na tabeli su ujedno
prikazana i sredstva utroSena preko Kancelarije za stabilizaciju terena tokom 2016. i 2017.g. ViSe poda-
taka o kliziStima koje ée se sanirati u tekuéoj godini, bi¢e prezentovano nakon okoncanja procesa odabi-
ra najpovoljnijeg izvodaca radova i zavrSetka ugovaranja svih poslova.
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Na Slici 1. prikazan je dijagram zavisnosti cene sanacionih radova na pojedinom kliziStu u odnosu
na jednu njegovu dimenziju - povrsinu kliznog tela. Uocava se slaba linerana zavisnost i moze se dati
gruba procena da sanacija klizi$ta veli¢ine 3.000 do 4.000 m? kosta u proseku oko 7-8 miliona dinara, dok
je za sanaciju klizista povrsine vece od 1 ha potrebno skoro uvek vise od 10-12 miliona dinara.

DISKUSIJA

Izuzev orijentacione procene, ne mogu se na osnovu samo jednog parametra preciznije odrediti
troskovi koje treba izdvojiti za sanaciju pojedinacnog klizista. Neophodno je u daljoj analizi cene sanacija
uzeti u obzir i uticaj jo$ nekih parametara koji su nabrojani u prvom stavu ovog poglavlja. Detalji o tim
parametrima i razmatranim zavisnostima su takode prikazani u okviru ovog rada. Svakako da je rehabili-
tacija i stabilizacija velikih (preko 10.000 m?) i dubokih kizi$ta najteZi zadatak i predstavlja veliki izazov za
projektante, a ozbiljan problem za investitora (Slika 1), pogotovo u drzavama koje teze dolaze do sred-
stava za takve intervencije, medu koje spada i Srbija.

85,00
80,00
7800 -
65100 1 2016-2.

>

= A
=35.00 A,

10,00 | Az A A A b
0,00 T T T T T T T T !
0 5000 10000 15000 20000 25000 30000 35000 40000 45000
Povrsina klizista u m?2

Slika 1. Zavisnost cene radova po saniranom kliziStu (sanacije iz 2016.g.) u odnosu na povrsinu kliznog tela.
Figure 1. Stabilization cost depencendance compared to the landslide surface (stabilization during 2016).

ZAHVALNOST

Zahvaljujem se inZenjerima i upravi Kancelarije za upravljanje javnim ulaganjima Vlade Republike
Srbije, kao i projektantima sanacionih mera, bez Cijeg razumevanja i saradnje ne bi bilo mogude zavrsiti
istraZivanje, posto su podaci koris¢eni u ovom radu dobijeni pregledom i analizom velikog broja razlicitih
projekata sanacija kliziSta Sirom Srbije u viSegodisSnjem razdoblju.

FINANCIAL ASPECTS OF LANDSLIDE STABILIZATION

Zoran Radi¢!, Uro$ Durié¢ !

2 University of Belgrade, Faculty of Civil Engineering, Bulevar kralja Aleksandra 73/I, 11000 Belgrade,
e-mail: zoradic@grf.bg.ac.rs

Key words: landslides, objects, stabilization, costs.

INTRODUCTION

Last three years in Serbia there is a lot of efforts for raising funds for permanent stabilization of
numerous terrain instabilities that were occurring after heavy rainfalls and floods during and after May
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2014 heavy precipitation event. In case of big landslides that have occurred in urbanized areas or on
infrastructure object such as roads, stabilization measures are planned by phases, where priority have
measures and works that will ensure objects stability and establishing functional traffic flow on roads.
Construction works that are applied for the purpose of slope melioration and stabilization are different
from case to case since there are landslides with different triggering conditions and factors and their
dimension as well which causes a very high range of funds that are spent for stabilization.

LANDSLIDE STABILIZATION COSTS

For estimating of construction and work costs during landslide stabilization, individual variables
such as terrain properties or individual elements of sliding body are not always relevant. Huge amount
of variables and conditioning factors are very important for landslide stabilization estimation cost such
as: geological setting of terrain, slope morphology, precipitation in the function of time span, condition
of surface and underground waters, decomposition and fracturness of the rock masses, slope, thickness
of landslide, estimation of future changes of stabilized slope, applied type of hydrotechnical or geo-
technical construction or extent of earthworks, readiness for risk acceptance of eventual minor damages
if landslide cannot be stabilized permanently etc. Factors influencing the occurrence and development
of landslide processes are divided (Popescu, 2002) in four main groups: terrain conditions, physical pro-
cess, and changes that are caused by man actions, and there is a total of 39 such factors.

To illustrate how the cost of permanent stabilization can cause big problems in engineering and
financial manner following example can show. The total cost of temporary road bypass for ensuring the
stable traffic flow on the highway to San Francisco (USA) near the place Pinole in California after the
activated landslide that affected the road in 120m length (1969) were estimated to 350 000 S. That
stabilization measures were complex and expensive in that time shows the price of final stabilization
works that was finished in a couple of months for the purpose of permanent stabilization. Final price of
geotechnical works were more than 1 250 000 $ (Smith i dr., 1970, Schweizer and Wright, 1974).

During the construction of residential objects on conditionally stable terrain on four location in
Great Britain (Barclay and Heath, 2015) foundation costs of objects on such slopes were higher for
220%, 180%, 75% even up to 385% respectively compared to foundation costs if they were positioned
on the stable ground.

Expansion of landslide databases and their stabilization measures across the World, followed by
social networks has allowed engineers to investigate, compare and calculate damages that were caused
by landslides (Salbego at al.,2015). With such approach, in case of Switzerland, total damage from land-
slide and rockfalls for the 1972-2017 period were estimated to more than 520 000 000 € (Hilker et al.,
2009). The country with most direct damage and funds for stabilization of affected terrains is Japan for
which yearly cost of such measures are estimated to 4 000 000 000 S (Schuster, 1996).

Nowadays, budgets for construction works on stabilization of active landslides and melioration
of conditionally stable slopes are decreasing constantly in many countries (Popescu M., Sasahara K.,
2009). Such trend is usually justified by economic restriction (reasons). However, it is absolutely neces-
sary to stabilize the most affected roads or other infrastructure objects on unstable slopes, and that is
the reason why it is very important, for Serbia also, to rationally use funds that are reasonably allocated
from the State Budget for such purpose.

For Serbia, there are no cumulative data about damages that were caused by terrain instability,
especially after heavy precipitation events that have occurred during 2006 and spring-autumn of 2014
and during 2016 spring events as well. Also, there are no cumulative data about construction works of
landslide stabilization except data that were publically presented for the 2016 year (Radi¢ et. al 2016.
and 2017.) thanks to the Public Investment Management Office of Serbia. During the 2016 and 2017
mentioned Office using the EU solidarity funds and funds from the State budget, stabilization measures
were conducted on 38 landslides across western parts of central Serbia. Ordering bodies of design
documentation were mostly the local municipality governments (for 22 landslides during 2016 and 5
landslides during 2017) and Public Enterprise PE "Roads of Serbia" (for 11 landslides).

638



The Office intention was to inform much as possible potential contractors who had to apply for
the tender procedure that was organized for each stabilization. Contracted prices during the 2016 (32
landslides) were lower than projected in the span from 5% up to 40%. During the 2017 only five
landslides were stabilized with a contracted price that was lower than projected for 27.2% on average,
with a remark that those were mostly stabilization measures for smaller and shallower landslides. Most
of the geotechnical works that were applied are related to hydro technical measures such as under-
ground and surface drainage systems — rows, drainage ribs, channels, bars and shafts with gravel or bro-
ken stone fill and with the usage of geotextile. Other surface drainage measures were also conducted
such as drainage channels, collectors and drainage trenches, flumes and drainage banks. As supporting
constructions mostly gabions and reinforced concrete retaining walls were constructed with a different
height that was mostly with shallow foundation but there were also that were founded on reinforced
concrete piles.

Up to January 2018, documentation for 11 landslides stabilization was prepared with projected
costs of 224 000 000 RSD (Table 1). On Table 1, there are also displayed funds that were spent by the
Office for landslide stabilization during 2016 and 2017. More information about landslides that will be
stabilized during following year will be presented after the tender procedure and selection of the most
optimal contractor and signing contracts.

Figure 1 shows the chart of landslide stabilization cost dependence across to its dimensions
(landslide surface). It can be concluded that there are low linear dependence and that rough estimation
of stabilization measure cost for landslide with surface from 3000 — 4000 m2 cost approximately
7 000 000 — 8 000 000 RSD, while for landslides that are with more than 1 ha of surface always cost
more than 10 000 000 — 12 000 000 RSD.

DISCUSSION

Except for the rough estimation, final stabilization cost for an individual case cannot be estima-
ted precisely with only one parameter. For further estimation costs, other parameters should be also
considered that is already mentioned in the introduction. Details about those parameters are also
shown in this paper. For sure, rehabilitation and stabilization of big and deep landslide (more than
10 000 m2) is a major task and it is the challenge for designers and important issue for the investor
(Figure 1), especially in the states that are sufficing the funds for such interventions and construction
works, as Serbia is.
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