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Izvod 

U radu je izvršena naponsko-deformacijska analiza, primenom metode konačnih elemenata, 
terena u naselju Medaković u Beogradu u toku izgradnje i eksploatacije stambene zgrade od osam 
spratova. Proračun stabilnosti na klizanje izvršen je korišćenjem podataka dobijenih metodom 
konačnih elemenata. Primena metode konačnih elemenata, uz korišćenje predloženog inkremen-
talnog postupka, pokazala je određene prednosti u odnosu na standardne metode analize stabil-
nosti padina i kosina. Pre svega, na ovaj način moguće je, u svakom trenutku, realno proceniti 
stanje napona i deformacija u terenu. Na osnovu toga utvrđujemo: 

- zone lokalnog i/ili opšteg loma tla 
- kritičnu kliznu površinu 
- pouzdani faktor sigurnosti 

Dobijeni rezultati imaju i širi značaj zbog analogije ispitivane padine sa terenima središnjeg 
dela Beograda koji je poslednjih decenija doživeo intenzivnu urbanizaciju. Posebno naglašavamo 
da se prikazani naponsko-deformaciski postupak može da primeni kod izgradnje saobraćajnica i 
deponija i to kako kod građevinskih tako i kod rudarskih radova. 
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UVOD 

Brojni su primeri u inženjerskoj praksi 
koji pokazuju da je zbog nedovoljnog 
poznavanja međusobnog uticaja objekta i 
terena, u toku izgradnje ili eksploatacije 
objekta, došlo do narušavanja prirodne  
 

 
 
ravnoteže. To se ispoljava pomeranjima u 
terenu koja izazivaju znatna oštećenja 
postojećih objekata. 

Činjenica je da smo često prinuđeni da 
konstruktivno vrlo složene objekte gradimo  
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na uslovno stabilnim terenima – na primer, 
umirenim klizištima. To nas obavezuje da 
problemima stabilnosti padina pristupimo 
sa posebnom odgovornošću, odnosno da 
primenimo najsavremenije metode istra-
živanja terena i geostatičkih proračuna. 

Ovaj rad predstavlja prilog takvom 
nastojanju, jer je na osnovu bogatog fonda 
podataka terenskih i laboratorijskih is-
traživanja dat savremen postupak pro-
računa interakcije objekta i terena pomoću 
metode konačnih elemenata. 

U radu je analizirano ponašanje severo-
istočne padine Mokroluškog potoka u Beo-
gradu, u području naselja Medaković, pod 
opterećenjem jednog višespratnog stambe-
nog objekta. 

Ovo područje je izabrano stoga što je po 
svom sastavu i geotehničkim osobinama 
karakteristično za područje središnjeg dela 
Beograda u kome je poslednjih decenija 
izvršena intenzivna urbanizacija i stoga je 
važno da se utvrdi interakcija već izgra-
đenih objekata i terena. 

OSNOVNE KARAKTERISTIKE  
TERENA I OBJEKTA U NASELJU 
MEDAKOVIĆ 

Na levoj, severo-istočnoj padini Mok-
roluškog potoka, izgrađeno je stambeno 
naselje Medaković i u okviru njega prateći 
objekti društvene namene i objekti infra-
strukture. U ovom radu analizira se uticaj  
 

jednog, višespratnog stambenog objekta 
na stabilnost padine [1]. 

Geotehničke karakteristike terena 

Teren u ovome području, kao i u široj 
okolini (Slika 1), izgrađuju sledeći lito-
genetski članovi [2]: 

*2  Izmenjeni les prašinasto peskovit 
sa retkim nakupinama karbonatnog 
praha, čestim pegama mangana i 
oolita limonita: žuto smeđe boje; 
hidrogeološki kolektor-sprovodnik; 

1
14  Laporovita glina, glinoviti lapori, 

gline i lapori (panon) zona potpu-
nog raspadanja: mrvice (mm i cm 
dimenzija); bledo žute boje; hidro-
geološki kolektor. 

3
14  Glinoviti lapori i laporci (panon) iz-

deljeni u blokove (dm i m dimen-
zija) i izmenjeni; svetlo žute boje; 
hidrogeološki izolator; 

2
15  Glinoviti lapori i gline i peskovite 

gline sa retkim sočivima peska-uslo-
jeni (sarmat), zona raspadanja: kru-
pno izdeljeni, žuto mrki; hidro-
geološki izolator; 

25  Glinoviti lapori i laporci (sarmat) –
uslojeni, neizmenjeni, sivi; hidrogeo-
loški izolator. Debljina ove sredine 
nije tačno utvrđena, ali prelazi 10 m. 

 
 

 
Sl. 1. Inženjersko geološki presek terena 
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Navedeni litološki članovi su među-
sobno približno paralelni i nagnuti niz 
padinu oko 5o. Maksimalni nivo pod-
zemne vode (NPV) je na 2,0 m ispod 
površine terena. 

Standardnim laboratorijskim triaksijal-
nim ispitivanjima reprezentativnih uzo-
raka merodavnih prirodnih sredina (CD  
 

opiti) utvrđeni su karakteristični odnosi 
napona i deformacija (Slike 2, 3, 4, 5 i 6). 

Analitički modeli naponsko-
deformacijskih zavisnosti 

Savremeni pristup rešavanju geotehni-
čkih problema zahteva da se naponsko-
deformacijske zavisnosti analitički pred-
stave [3]. 

 
 

 

Sl. 2. Naponsko-deformacijske zavisnosti karakterističnih kompleksa za sredinu 2* 

 

 

Sl. 3. Naponsko-deformacijske zavisnosti karakterističnih kompleksa za sredinu 1
14  
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Sl. 4. Naponsko-deformacijske zavisnosti karakterističnih kompleksa za sredinu 3
14  

 

 

Sl. 5. Naponsko-deformacijske zavisnosti karakterističnih kompleksa za sredinu 2
15  
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Sl. 6. Naponsko-deformacijske zavisnosti karakterističnih kompleksa za sredinu 25  
 

S obzirom na prirodu ovih funkcija za 
sredine 2*, 1

14 , 3
14 , 2

15  usvajamo da je: 
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gde je: 
σ1, σ3 - glavni naponi 
ε1 - glavna dilatacija 
U ovim jednačinama su α1, α2, β1, β2 

γ1, γ2 parametri koji se za svaku sredinu 
određuju posebno, u zavisnosti od njenih 
deformacijskih karakteristika. 

Činjenica je da se u jednačini (3) 
naponi σ3 pojavljuju u imeniocu, ne uman-
juje kvalitet numeričke analize, jer se ink-
rementalni postupak primenjuje za već 
poznate primarne napone tj. za σ3 > 0. 

Predloženi analitički model može vrlo 
efikasno da se upotrebi u nelinearnim 
analizama, jer pruža mogućnost da se 
odredi tangentni modul elastičnosti u proi- 

zvoljnoj tački naponsko-deformacijske fun-
kcije. Kada je manji glavni napon konstan-
tan, onda se modul elastičnosti dobija kao 
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U sredini 52 može se, s obzirom na pri-
rodu funkcije F=F(σ1-σ3, ε1), usvojiti lin-
earna zavisnost 

131 εβσ ⋅=−= EF  (5) 

odnosno, za modul elastičnosti zavisnost 

2
33333 σγσβα ⋅+⋅+=E  (6) 

gde su α3, β3, γ3 parametri koji se određuju 
zavisno od deformacijskih karakteristika 
sredine 52. 

Na Slikama 2, 3, 4, 5 i 6 prikazane su 
uporedo funkcije dobijene analitički - is-
prekidane linije i odgovarajuće funkcije F 
eksperimentalno utvrđene - pune linije [4]. 

Tehničke karakteristike objekta 

Objekat, čiju interakciju sa terenom 
analiziramo, izgrađen je od armiranog 
betona i ima osam spratova. Fundiran je  
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plitko, na betonskoj ploči širine 20 m i 
dužine 100 m. S obzirom na to, optere-
ćenje od objekta na teren je vertikalno, 
jednako podeljeno i iznosi 100 kPa. 

Prilikom naponsko-deformacijske ana-
lize usvojeno je da opterećenje od objekta 
deluje na površini terena što je, s obzirom 
na način fundiranja, opravdano. 

Formiranje modela terena 

Definisanjem geotehničkih karakter-
istika terena i tehničkih karakteristika ob-
jekta, određeni su svi potrebni parametri 
za formiranje mreže konačnih elemenata. 
S obzirom da su dimenzije temeljne ploče 
znatno veće od dimenzija monolita stena  
 

(deset, sto i više puta) i da monoliti nisu 
slobodni nego su zglobno povezani, 
opravdano je da se teren oko objekta (Slika 
1) posmatra kao deo kontinuma. Dalje, 
zbog položaja objekta u odnosu na pravac 
pružanja padine, može se smatrati da su 
zadovoljeni uslovi za ravno stanje defor-
macije. 

Analizom naponsko - deformacijskih 
funkcija F=F(σ1-σ3, ε1) zaključujemo da 
neizmenjeni, sivi lapori (sredina 52), pred-
stavljaju oslonac sredinama iznad njih. 

Teren neposredno oko objekta mode-
liran je mrežom konačnih elemenata i za 
to su korišćeni ravanski (asolid) konačni 
elementi (Slika 7). 

 
 

 
Sl. 7. Model terena prikazan mrežom konačnih elemenata 

 
 
 
 
 
S obzirom na dimenzije temeljne ploče 

i visinu diskretnog sistema, može se sma-
trati da se uticaj objekta neće osećati na 
bočnim stranama modela. Fizičke karak-
teristike konačnih elemenata, kao što je 
uobičajno, zadate su preko modula elas-
tičnosti i Poasonovog koeficijenta.  

Uslov loma definišemo preko granične 
deformacije ε1L koju istraživač uslovljava 
zavisno od merodavnih karakteristika 
terena i objekta, odnosno interakcije sis-
tema teren-objekat (Slike 2, 3, 4 i 5). 

ODREĐIVANJE STANJA NAPONA I 
DEFORMACIJA U TERENU 

Određivanje napona i deformacija u 
terenu vršimo u dva dela, i to za [5]: 

(1) - sopstvenu težinu tla i strujni priti- 
              sak 

(2) - dopunsko opterećenje od objekta 
Ovakva podela je opravdana stoga što 

se za (1) padina može tretirati kao besko-
načna sa pravcem filtracije koji je parale-
lan nagibu padine. U tom slučaju napone i 
deformacije određujemo neposredno iz 
uslova ravnoteže i funkcije F=F(σ1-σ3, ε1).  
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Proračun napona i deformacija za (2) 
obavljen je metodom konačnih elemenata 
[6], korišćenjem programskog paketa SAP 
2000. 

Početni naponski uslovi su određeni uz 
predpostavku da se teren pre gradnje nalazi 
u stanju mirovanja i da je zapreminska 
težina svih prirodnih sredina γ = 20 kN/m3. 

Prikaz inkrementalnog postupka 

Određivanje napona i deformacija u tere- 
 

nu vrši se inkrementalnim postupkom, u 
četiri koraka. U prvom koraku određuju se 
uticaji od sopstvene težine tla i strujnog 
pritiska. Opterećenje od objekta nanosi se 
postupno, u preostala tri inkrementa i to: 
prvo 20 kPa, zatim 30 kPa i na kraju 50 
kPa. Na ovaj način simuliran je proces 
izgradnje objekta i uticaj izgradnje na 
naponsko-deformacijsko stanje u terenu. 
Shematski prikaz inkrementalnog pos-
tupka dat je na Slici 8. 

 

 

 
Sl. 8. Shema inkrementalnog postupka 

 
U skladu sa predloženim inkremental-

nim postupkom, fizičko-mehaničke karak-
teristike prirodnih sredina izražavamo 
Poasonovim koeficijentom i tangentnim 
modulom elastičnosti. S obzirom na izve-
dene CD opite i činjenicu da je uticaj 
Poasonovog koeficijenta na stanje napona 
i deformacija u terenu znatno manji nego 
što je uticaj modula elastičnosti, usvojeno 
je da je u svim sredinama ν konstantno, i 
to za sredine 2*, 1

14  usvojeno je ν = 0.45, a 

za sredine 3
14 , 2

15  usvojeno je ν = 0.35. 
Što se tiče modula elastičnosti Ei (i=1,...4) 
oni se određuju iz jednačine (4). Napo-
minjemo da predloženi inkrementalni pos-
tupak uvažava kako nelinearnost napon 
 

sko-deformacijske funkcije, tako i uticaj 
manjeg glavnog napona σ3. 

Ocena sračunatih rezultata 

Obradom izračunatih podataka, a u 
skladu sa predloženim inkrementalnim pos-
tupkom, određeno je stanje napona i defor-
macija u terenu i to kako u toku građenja 
objekta tako i po završenoj izgradnji.  

Utvrđeno je da: 
- maksimalno pomeranje u pravcu upra-

vno na nagib padine iznosi 10.17 cm; 
- maksimalno pomeranje u pravcu 

nagiba padine iznosi 8,86 cm; 
- deformacije ε1 najveće su u sredini 1

14  
(laporovita glina, zona mrvica); mak-
simalna deformacija je ε1 = 4,52 %; 
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- promena modula elastičnosti je naj-
veća u sredini 1

14 , a maksimalna 
promena je E4/E1= 0.083; u sredini 
2* (izmenjeni les) nastaje povećanje  
 

modula elastičnosti, a najveće pove-
ćanje je E4/E1= 1.91; 

- zona loma prolazi kroz sredinu 1
14  u de-

lu terena koji je ispod objekta (Slika 9). 
 

 

 
Sl. 9. Model terena sa zonom loma  

 
Intenzitet promena napona i deforma-

cija opada relativno brzo sa udaljavanjem 
od objekta, tako da bokovi diskretnog sis-
tema praktično ne osećaju njegovo de-
jstvo. Ovo potvrđuje ispravnost usvojenih 
dimenzija modela. 

S obzirom na sličnost ispitivane padine 
Mokroluškog potoka sa terenima sredi-
šnjeg dela Beograda, ovi rezultati imaju 
širi praktičan značaj. 

ANALIZA STABILNOSTI PADINE 

S obzirom na utvrđenu zona loma u 
sloju 1

14 , predpostavljena je klizna povr-
šina S1 (Slika 9). Njenu stabilnost određu-
jemo za dva granična slučaja: 

- pre početka izgradnje objekta i 
- po završenoj izgradnji objekta 
Metodom konačnih elemenata, kori-

šćenjem programskog paketa SAP 2000, 
ne može direktno da se odredi koeficijenat 
sigurnosti padine u odnosu na lom tla kli-
zanjem. S obzirom da je taj podatak bitan 
za inženjera geotehničara, predlažemo da 
se rezultati dobijeni metodom konačnih 
elemenata iskoriste kako bi se odredio  

koeficijent sigurnosti. S tim u vezi, 
poznato je da su deformacije u terenu od 
primarnog inženjerskog značaja, jer nji-
hova veličina uslovljava početak loma. 
Stoga, u daljem tekstu, predlažemo 
određivanje koeficijenta sigurnosti koje 
vodi računa o deformacijama u terenu. U 
skladu sa tim, koeficijent sigurnosti de-
finišemo kao količnik čvrstoće na smi-
canje duž klizne površine za graničnu 
deformaciju (ε1 = ε1L) i odgovarajućeg 
smičućeg napona za ostvarenu deforma-
ciju (ε1 = ε1S). Na taj način sračunati koe-
ficijenti sigurnosti za kliznu površinu S1 
iznose: 

- pre početka izgradnje objekta  
FS = 3.76 

- po završenoj izgradnji objekta  
FS = 1.69 

Prikazanom numeričkom analizom ut-
vrđeno je da izgradnja objekta smanjuje 
koeficijent sigurnosti. Međutim njegova 
vrednost je i dalje zadovoljavajuća, tako 
da bezbednost objekta nije dovodena u 
pitanje.  

U vezi sa dobijenim rezultatima treba 
naglasiti da opterećenje od objekta ne  
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izaziva zone loma koje bi mogle da dove-
du u pitanje nosivost temeljnog tla. 
Naime, poznato je da se ove zone prvo po-
javljuju ispod ivica temelja i da se, sa 
povećanjem opterećenja, proširuju sve dok 
ne dođe do njihovog spajanja [7]. To je i 
bio razlog zašto nismo posebno analizirali 
nosivost temeljnog tla. Međutim, intere-
santno je da opterećenje od objekta izaziva 
zonu loma, po širini temelja u sredini 1

14  
(laporovita glina, raspadnuta), što može da 
izazove klizanje tog dela padine i objekta 
na njoj. Zbog toga smo stabilnost na kli-
zanje padine i objekta posebno analizirali. 

ZAKLJUČCI 

Proračun stabilnosti padine Mok-
roluškog potoka u naselju Medaković 
ukazao je na određene mogućnosti koje u 
ovoj oblasti Geotehnike obezbeđuje me-
toda konačnih elemenata, tj.: 

- predloženi postupak proračuna omo-
gućava realnu procenu stanja napona 
i deformacija koja uvažava stvarne 
fizičko-mehaničke osobine prirodnih 
sredina. Ovde naročito treba istaći 
mogućnost dobijanja realnih defor-
macija i pomeranja jer su one često 
od izuzetnog značaja za budući ob-
jekat, a jedino se mogu dobiti meto-
dom konačnih elemenata; 

- inkrementalni postupak pruža mo-
gućnost da se prati promena napon-
skog i deformacijskog stanja u ter-
enu, zavisno od toka izgradnje ob-
jekta. Na taj način stabilnost terena 
posmatramo kao aktivan proces koji 
je uslovljen faktorima na koje 
možemo, po potrebi, uticati; 

- dobijeni rezultati omogućavaju da se 
odrede zone lokalnog i/ili opšteg 
loma tla; 

- poznavanje zona loma, i uopšte de-
formacija u terenu, obezbeđuje 
određivanje potencijalnih kliznih 
površina; 

- brojni naponsko-deformacijski po-
daci koje daje metoda konačnih ele-
menata omogućavaju određivanje 
pouzdanijeg koeficijenta sigurnosti 
nego što je to slučaj kod ostalih me-
toda analize stabilnosti terena i kos-
ina. U ovom radu je predloženo 
određivanje koeficijenta sigurnosti u 
zavisnosti od veličine deformacija u 
terenu – vodeći istovremeno računa o 
sigurnosti objekta. 

Sve ovo omogućava da se realno 
sagleda sadejstvo terena i objekta i da se 
problem stabilnosti padine, u celini, reši 
na optimalan način. Pri tome, na ovaj 
način određena pomeranja i faktori sigur-
nosti su u dozvoljenim granicama za 
višespratne armirano betonske objekte što 
omogućava njihovo bezbedno korišćenje 
[8]. Osim toga, ovako dobijene vrednosti 
su dragocene prilikom odlučivanja o 
nadgradnji objekata.   

Na kraju želimo da istaknemo da se 
navedeni postupak naponsko-deforma-
cijske analize može u potpunosti da pri-
meni kod izgradnje saobraćajnica i de-
ponija i to kako kod građevinskih tako i 
kod rudarskih radova [9], [10]. 
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Abstract 

This paper presents the stress-strain analysis of terrain using the finite element method in the 
settlement Medaković in Belgrade during the construction and occupation of the eighth floor resi-
dential building. The slope stability analysis was performed using the finite element method. Ap-
plication the finite element method, with the use of proposed incremental procedure has shown 
some advantages compared to the classical methods of stability analysis. First of all, using this 
method, it is possible to assess at any time the stress and strain values in terrain. Based on these 
values, it is possible to determine: zones of failure (local and/or general), critical sliding surface 
and reliable safety factor 

The obtained results are of great significance for the most part of the Belgrade terrain which 
was built up in a similar way and in the last few decades has been intensively urbanized. 

It has to be emphasized that the proposed stress-strain procedure has its application in con-
struction of highways and landfills, both in civil engineering and mining engineering. 
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INTRODUCTION 

There are many examples in the engi-
neering practice, showing that the lack of 
knowledge the interactions between the 
object and terrain, during the construction 
or occupation of object, there was a dis-
ruption of the natural balance. That re- 
 

 
 
 
flects in shifts of the ground, which cause 
considerable damages to the existing 
structures. 

The fact is that we are often forced to 
constructively build very complex struc-
tures on the conditionally stable grounds - 
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for example, soothed landslides. It obliges 
us to approach the problems of stability 
the slopes with a special responsibility, 
and to apply the latest methods of field 
research and geostatic calculations. 

This paper is a contribution to such ef-
forts, as based on a rich fund of data from 
the field and laboratory research, it gives a 
modern procedure for calculation the in-
teraction of objects and terrain using the 
finite element method. 

This paper analyzes the behavior of the 
north-eastern slopes of the Mokroluški 
stream in Belgrade, in the area of the set-
tlement Medaković under the load of a 
multi-storey residential building. 

This area was chosen because it is, by 
its composition and geotechnical proper-
ties, characteristic for the area of the central 
part of Belgrade, where an extensive ur-
banization has been made in the last dec-
ades, and it is therefore important to deter-
mine the interaction of already constructed 
buildings and terrains. 

BASIC CHARACTERISTICS OF 
TERRAIN AND OBJECTS IN  
THE SETTLEMENT MEDAKOVIĆ 

On the left, north-eastern slope of the 
Mokroluški stream, a residential settle-
ment Medaković was built with its social 
purpose outbuildings and infrastructure 
facilities. In this paper, impact of a single,  
 

multi-storey residential building is ana-
lyzed on the slope stability [1]. 

Geotechnical characteristics of  
the terrain 

Terrain in this area, as well as in the 
wider area (Figure 1), is built by the fol-
lowing lithogenetical members [2]: 

2* Altered silty sandy loess with 
rare clusters of carbonate powder, fre-
quent spots of manganese and limonite 
oolite limonite: yellow-brown color; hy-
drogeological collector; 

1
14  Marly clay, clayey marl, clay and 

marl (Pannonian) zone of complete decom-
position crumbs (mm and cm dimensions); 
pale yellow; hydrogeological collector; 

3
14   Clayey marls and marls (Panno-

nian), divided into blocks (dm and m di-
mensions) and alteres; bright yellow; hy-
drogeological insulator; 

2
15  Clayey marl and clay and sandy 

clay with rare lenses of sand-stratified 
(Sarmatian), zone of decomposition:  
coarse divided, yellow brown; hydro-
geological insulator; 

25  Clayey marls and marls (Sarma-
tian) - stratified, nonaltered, gray; hydro-
geological insulator. Thickness of this 
region is not precisely defined, but more 
than 10 m. 
 

 

Fig. l. Engineering-geological section of the terrain 
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The aforementioned lithologic mem-
bers are approximately parallel to each 
other and inclined down the slope about 
5o. Maximum groundwater level (NPV) is 
2.0 m below the ground surface. 

Standard laboratory triaxial testing the 
representative samples of competent natu-
ral environments (CD experiments) have  

determined the characteristic relations of 
stress and strain (Figures 2, 3, 4, 5 and 6). 

Analytical models of stress-strain  
dependence  

Modern approach to solving the geo-
technical problems requires the analytical 
presentation of the stress-strain depen-
dence [3]. 

 
 

 
Fig. 2. Stress-strain dependences of characteristic complexes for area 2* 

 

Fig. 3. Stress-strain dependences of characteristic complexes for area 1
14  
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Fig. 4. Stress-strain dependences of characteristic complexes for area 3
14  

 

Fig. 5. Stress-strain dependences of characteristic complexes for area 2
15  

 

Fig. 6. Stress-strain dependences of characteristic complexes for area 25  
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Considering the nature of these functions 
for areas 2*, 1

14 , 3
14 , 2

15 , it is adopted that:  

1
1 3

1

A εF=σ -σ =
B+ε
⋅  (1) 

2
1 1 3 1 3A =α +β σ + γ σ⋅ ⋅  (2) 

2 2
2 2

3 3

β γB=α + +
σ σ

 (3) 

where: 
σ1, σ3 – principal stresses 
ε1  - principal dilatation 
The parameters α1, α2, β1, β2 γ1, γ2 are 

in these equations that are determined for 
each area particularly, depending on its 
deformation characteristics. 

The fact that in equation (3) stresses 
σ3, appear in denominator, do not diminish 
the quality of numerical analysis, because 
an incremental process is used for primary 
voltages already known primary stresses, 
i.e. for σ3> 0. 

The proposed analytical model can be 
effectively used in nonlinear analyses, as it 
provides the ability to determine the tangent 
modulus of elasticity at an arbitrary point of 
the stress-strain function. When lower prin-
cipal stress is constant, then the modulus of 
elasticity is obtained as  

1 3
2

1 1

d(σ -σ ) A BE = =
dε (B+ε )

⋅  (4) 

In the area 52, due to the nature of 
function F=F(σ1-σ3, ε1), the linear depend-
ence can be adopted 

1 3 1F = σ -σ = E ε⋅  (5) 

That is, dependence for the elasticity 
modulus  

2
3 3 3 3 3E = α +β σ + γ σ⋅ ⋅  (6) 

where α3, β3, γ3 are parameters that have 
to be determined depending on the defor-
mation characteristics of area 52. 

Figures 2, 3, 4, 5 and 6 show in paral-
lel the functions obtained analytically - 
dashed lines and corresponding experi-
mentally determined functions F – full 
lines [4]. 

Technical characteristics of object 

The analyzed object with terrain was 
built of reinforced concrete and has eight 
floors. It is shallow founded on a concrete 
slab, width of 20 m and length of 100 m. 
Since, the load of the building on the 
ground is vertically, equally divided and it 
is 100 kPa. 

During the stress-strain analysis, it was 
assumed that the load of building acts on 
terrain surface which is, due to the way of 
funding, justified. 

Formation of terrain model 

Defining the geotechnical characteris-
tics of terrain and technical characteristics 
of building, all necessary parameters were 
determined for formation the network of 
finite elements. Since the given dimen-
sions of the base plate are much higher 
than dimensions of monolith rocks (ten, a 
hundred or more times) and that the 
monoliths are not free but are hingedly 
connected, it is reasonable that the area 
around the building (Figure 1) is seen as 
part of the continuum. Furthermore, due to 
the position of object relative to the direc-
tion of slope, it can be considered that the 
requirements for plane state of strain are 
met. 

Analyzing the stress-strain functions 
F=F(σ1-σ3, ε1), it is concluded that non-
altered gray marl (area 52), are the main-
stay of areas above them. 

Terrain immediately around the build-
ing was modeled using the network of fi-
nite elements and the plane (asolid) finite 
elements were used for this (Figure 7). 
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Fig. 7. A terrain model is shown by the network of finite elements   

 
Considering the base plate dimensions 

and discrete system height, it can be con-
sidered that the impact of object will not 
be on the lateral sides of model. Physical 
characteristics of finite elements, as it is 
common, are given through the elasticity 
modulus and the Poisson coefficient. 

The condition of fracture is defined 
through the fracture limit strain ε1L which 
is conditioned by researcher depending on 
the characteristics of terrain and object, 
i.e. the interaction of terrain-object system 
(Figures 2, 3, 4 and 5). 

DETERMINATION THE STRESS- 
STRAIN CONDITIONS IN  
THE GROUND 

Determination the stress-strain condi-
tions in the ground is carried out in two 
parts, as well as for [5]: 

(1) – own weight of ground and current 
pressure 

(2) – additional stress of the object 
Such division is justified because it 

can be treated for (1) slope as an infinite 
with direction of filtration that is parallel  

to the slope angle. In this case, the stresses 
and strains are directly determined from 
the equilibrium condition and function 
F=F(σ1-σ3, ε1). Calculation of stress and 
strains for (2) was performed by the finite 
element method [6] using the software 
package SAP 2000. 

The initial stress conditions are deter-
mined assuming that the area, prior to the 
construction, is in the idle mode and that 
the bulk density of all natural environment 
is γ = 20 kN/m3. 

Preview of incremental method 

Determination of stresses and strains 
in the ground is carried out using the in-
cremental method, in four steps. The first 
step determines the effects of the soil own 
weight and current pressure. Load of the 
building is applied gradually, and the 
other three increments are: the first 20 
kPa, then 30 kPa, and at the end 50 kPa. In 
this way, the simulated process of object 
construction and the impact of construc-
tion on the stress-strain condition in the 
ground. Schematic representation of the 
incremental method is given in Figure 8. 
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Fig. 8. Diagram of incremental method    

 
In accordance with the proposed in-

cremental method, the physical-
mechanical properties of the natural envi-
ronment are expressed by the Poisson co-
efficient and tangent modulus of elasticity. 
Since the performed CD experiments and 
the fact that the influence of the Poisson 
coefficient of the stress and strain condi-
tion in the ground are much smaller than 
the impact of elasticity, it is assumed that 
in all areas ν is constant as well as for the 
area * 2, adopted ν = 0.45, and the areas  

3
14 , 2

15 , adopted ν = 0.35. As for the elas-
tic modulus Ei (i = 1,...4), they are deter-
mined from the equation (4). We note that 
the proposed incremental method take into 
account both the non-linearity of the 
stress-strain function, and the impact of a 
smaller principal stress σ3. 

Evaluation of calculated results 

Processing the calculated data in ac-
cordance with the proposed incremental 
method has determined the stress and  
 

strain condition in the ground both during 
construction and after completion of con-
struction. 

It was found that: 
− maximum displacement in a per-

pendicular direction to the slope 
inclination is 10.17 cm; 

−  maximum displacement in a direc-
tion of inclination of the slope is 
8.86 cm; 

−  strains ε1 are the largest in the area 
1
14  (marly clay, zone of crumbs); 

maximum deformation  ε1 = 4.52%; 
− change in the elasticity modulus is 

the largest in the area 1
14 , and 

maximum change is E4/E1= 0.083; 
in the area 2* (altered loess) is the 
result of increase the elasticity 
modulus, and the largest increase is  
E4/E1= 1.91; 

− fracture zone runs through the area 
1
14  in the ground part which is be-

low the object (Figure 9). 
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Fig. 9. A terrain model with the fracture zone   

 
The intensity of change the stress and 

strain decreases relatively quickly with 
distance from the object, so that the sides 
of a discrete system do not practically feel 
its effect. It is confirmed by the validity of 
adopted model dimensions. 

Considering the similarity of tested 
slope of the Mokroluški stream with the 
terrains of the central part of Belgrade, 
these results have broader practical sig-
nificance. 

ANALYSIS OF THE SLOPE  
STABILITY 

Considering the established fracture 
zone in the layer 1

14 , the sliding surface S1 

is presumed  (Figure 9). Its stability is 
determined for two boundary cases: 

− before the start of construction the 
object, and 

− after completion the construction 
of object 

By the finite element method, using 
the software package SAP 2000, the coef-
ficient of slope safety cannot be deter-
mined compared to the fracture of soil 
sliding. Since that this data is essential for 
the engineers of geotechnics, we suggest 
that the results obtained by the finite ele-
ment method would be used to determine 
the factor of safety. In this regard, it is 
known that the strains in the ground have 
the primary engineering importance, be-
cause their size is caused by the fracture 
initiation. Therefore, in further text, we  

suggest determining the safety coefficient 
which takes into account the strains of the 
ground. In accordance to this, the safety 
factor is defined as the quotient of shear 
strength along the sliding surface for 
boundary strain (ε1 = ε1L) and the appro-
priate shearing stress for achieved strain 
(ε1 = ε1S). In this way, the calculated safety 
factors for sliding surface S1 are as fol-
lows: 

− before the start of construction the 
object, FS = 3.76 

− after completion the construction 
of object, FS = 1.69 

The present numerical analysis has 
shown that the construction of object re-
duces the safety coefficient. However, its 
value is still satisfactory, so that the safety 
of object is not brought into question. 

In connection with the obtained re-
sults, it should be noted that the load of 
object does not cause a fracture zone that 
could compromise the capacity of founda-
tion soil. It is known that these zones first 
appear under the edges of foundation, and 
with increasing load, expanding until their 
connection [7]. That was the reason why 
we did not specifically analyze the capac-
ity of the foundation soil. However, it is 
interesting that the load of object causing 
the fracture zone, along the width of foun-
dation in the area 1

14  (marly clay, decom-
posed), which can cause sliding of that 
part of the slope and the buildings on it. 
Therefore, the stability of slope sliding 
was specifically analyzed. 
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CONCLUSIONS 

Calculation of the slope stability of the 
Mokroluški stream in the settlement 
Medaković pointed to the specific possibili-
ties in this area of geotechnics, provided by 
the finite element method, that is: 

- the proposed method of calculation 
provides a realistic assessment of 
the stress and strain condition that 
takes into account the actual physi-
cal-mechanical properties of natu-
ral environments. Here, it should 
be noted in particular the possibil-
ity of obtaining the real strains and 
displacements because they are of-
ten of great importance for the fu-
ture object, and they can be only 
obtained by the finite element 
method; 

- the incremental method provides 
the possibility to monitor the 
changes in stress and strain condi-
tion in the ground, depending on 
the course of construction. In this 
way, the stability of the ground, 
viewed as an active process, which 
is determined by factors that can, if 
necessary, be affected; 

- the obtained results allow to deter-
mine the zones of local and/ or 
general soil failure; 

- knowing the fracture zones, and 
general strains in the ground, pro-
vides determination of the potential 
sliding surfaces; 

- a number of stress-strain data pro-
vided by the finite element method 
allows determination of the coeffi-
cient of reliable safety than it is the 
case for other methods of analysis 
the stability of terrain and slopes. 
This work proposes determination 
the safety coefficient depending on 
the size of strains in the ground - at 
the same time taking into account 
the safety of object. 

 
 
All this makes it possible to realisti-

cally look at the terrain and synergy the 
facility and that the problem of the stabil-
ity of the slope, in general, solved in an 
optimal way. In fact, in this way the cer-
tain shifting and safety factors are within 
acceptable limits for multi-story rein-
forced concrete buildings allowing their 
safe use [8]. In addition, the values ob-
tained in this way are valuable when de-
ciding on superstructure of building.    

At the end we want to emphasize that 
given procedure of the stress-strain analy-
sis can be completely used in construction 
of highways and landfills, both in civil 
engineering and mining engineering [9], 
[10]. 
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