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Abstract

Analyzing the slope stability of work levels, final slopes and slope system was carried out in the
area of the open pit "Gacko" according to the criteria required by the law of the Republic Srpska.
This paper presents a comparative analysis of slope stability with three numerical methods by Bish-
op, Yanbu and Morgenstern-Price in various pore pressures r,=0, r,=0.2 r,=0.4 and critical factor
of influence the stress reduction at the same pore pressures that were already mentioned.

The analyses of slope stability were carried out with the existing and newly obtained data. The
software packages SLIDE v6.0 and PHASE? v8.0 of company ROCSCIENCE were used for calcu-
lation methods. The expected result is approximately the same value for the safety coefficient (Fs)
and critical factor of influence the stress reduction (SRF) only at that point of analysis.

Keywords: stress conditions, stability coefficient, pore pressure

INTRODUCTION

Analyzing the slope stability of work
levels, final slopes and slope system was
carried out in the area of the open pit
"Gacko" according to the criteria required by
the law of the Republic Srpska. This paper
presents a comparative analysis of slope
stability with three numerical methods.

The analyses of slope stability were ca-
rried out with the existing and newly ob-
tained data. The software packages SLIDE
v6.0 and PHASE? v8.0 of company
ROCSCIENCE were used for calculation
methods.

Calculation of stability was carried out by
the programs SLIDE v6.0 and PHASE?
v8.0 in the conditions of boundary equi-
librium according to the criteria that are
nowadays used in the world:

e Bishop,

e Janbu,

e Morgenstern-Price,

¢ as well as using the critical factor of

influence the stress reduction (SRF).

The basic characteristics of the programs
SLIDE v6.0 and PHASE? v8.0 are:
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SLIDE v6.0 is a program used to ana-
lyze the stability of soil and rock masses.
This program provides a user - friendly
range of analyses, including design, which
supports the given analysis, groundwater
analysis using the finite element analysis
and probability analysis. CAD, which is
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based on a graphical interface, provides a
wide range of interpretations through
modeling and data to enable fast and
accurate analysss. Files can be tra-
nsferred to the program PHASE? for
slope stability using the finite element
method.

*loled Plo-YUinw s |y -

Tm

Pon e L.

£} L] & e

SRS GRS .95, W14

T TE

Figure 1 An example of solving problems using the program SLIDE

PHASE? v8.0 is a powerful 2D program
of work based on the analysis of stress using
the finite element method for both
underground and surface mining of rock or
soil. It can be used for a wide range of
engineering projects, including the cons-

truction of tunnels, slope stability using the
finite element, groundwater analysis, net-
work modeling, analysis of probability and
beyond. This program can quickly create
and analyze a complex condition of models
in several phases.
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Figure 2 An example of solving problems using the program PHASE2
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COURSE OF TESTING AND
ANALYSIS OF STABILITY DATA

All geomechanical results obtained in
some previously realized measurements
were used as input data for programs
SLIDE v6.0 and PHASE? \8.0.

Slope stabilities are analyzed using the
numerical methods by Bishop, Janbu and
Morgenstern-Price while the stress-strain ana-
lysis of profiles, considering the geotechnical
properties of the environment, was performed
by Mohr-Columb's criterion of fracture and
plastic behavior of the rock mass after frac-
ture.

22/01/2015 09:21

Calculation of safety factor is derived
for different values of pore pressure, and
the steps in the stability analysis were:
r,=0.0;r,=0.2and r, = 0.4.

The analysis of slope stability has taken
into account a spreading of waves caused by
the earthquake, in the most unfavorable di-
rection, i.e. perpendicular to the forehead
slope, and the adopted coefficient of seis-
micity which is Ks = 0.05.

Figure 3 View of the slope on the external waste dump - East waste dump

View of geological profile, used for
analysis of safety coefficient (Fs) and co

efficient of critical stress state (SRF), is
shown in Figure 4.
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ISTOCNO VANJSKO ODLAGALISTE PROFIL IL-IIT

Figure 4 Geological profile on which the stability analysis was carried out

The adopted values of physica - mec-

stability of operation and final slopes

hanical parameters for analyzing the are:
Bulk density in . Angle of internal
Material natural state Cé)hlils::on friction
y [KN/m’] [kPal 0
Quaternary (Q) 18.30 29 13
Disposed material 15.3 22.7 36.2

Based on the engineering-geological
profile of the I1I-111 ' external waste dump
- East waste dump, the stability analysis

was carried out according to the said
method and obtained the following safety
coefficients:

Safety coefficient F,
Profile | Numerical methods Pore pressure coefficient
r,=0.0 r,=0.2 r,=0.4
Bishop 1.493 1.185 0.886
| anby 1.304 1.008 0.787
Morgenstern-Price 1.441 1.136 0.842

Graphically presented stability analy-
sis by numerical methods, Bishop, Yanbu
and Morgenstern - Price and changes

of pore pressure (r,) are given in Figures
from Figure 5 to Figure 13.
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(Analiza profila II-1l istocno vanjsko liste -| po metodi Bishop-a-Ru=0,0

Figure 5 Analysis of slope stability by numerical method Bishop at pore pressure
r,=0.0, Fs=1.493

|Anal|za profila I1I-1l istocno vanjsko c iste -Fs proracunat po metodi Janbu-a-Ru=0,0]| ‘k -
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Figure 6 Analysis of slope stability by numerical method Janbu at pore pressure
r,=0.0, Fs=1.304

\Analiza profila I11-11l istocno vanjsko iste -Fs po metodi Pric Ru=0,0

Figure 7 Analysis of slope stability by numerical method Morgenstern-Price at pore pressure

r,=0.0, Fs=1.441

No. 1, 2015 21 Mining & Metallurgy Engineering Bor



/Analiza profila IlI-1ll istocno vanjsko iste -Fs proracunat po metodi Bishcrya—Ru=0,02\

Figure 8 Analysis of slope stability by numerical method Bishop at pore pressure
r,=0.2, Fs=1.185

\Analiza profila 1I-1l istocno vanjsko iiste Fs -po metodi Janbi Ru=0,02|

Figure 9 Analysis of slope stability by numerical method Janbu at pore pressure
r,=0.2, Fs=1.008

‘Analiza profila IlI-ll istocno vanjsko odlagaliste -Fs proracunat po metedi Morqenslern—Price—a—Ru:O‘02|
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Figure 10 Analysis of slope stability by numerical method Morgenstern-Price at pore pressure
r,=0.2, Fs=1.136
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lAnaIiza profila IlI-111 istocno vanjsko -Fs proracunat po metodi Bishop-a-Ru=0,04|

Figure 11 Analysis of slope stability by numerical method Bishop at pore pressure
r,=0.4, Fs=0.886

|,Analiza profila I11-111 istocno vanjsko odlagaliste -Fs proracunat po metedi Janbu-a-Ru=0,04

Figure 12 Analysis of slope stability by numerical method Janbu at pore pressure
r,=0.4, Fs=1.787

iAnaliza profila I1I-1l istocno vanjsko -Fs | po metodi Mc Price-a-Ru=0,04|
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Figure 13 Analysis of slope stability by numerical method Morgenstern-Price at pore
pressure r,=0.4, Fs=1.842
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Based on the engineering-geological — model of finite element method with change
profile of the HI-111 ' external waste dump -  of pore pressure (r,) and the following coe-
East waste dump, the stability analysis was  fficients critical stress state (SRF) were ob-
carried out according to a mathematical tained:

Coefficient of critical stress state (SRF)
Profile Coefficient of pore pressure
r,=0.0 r,=0.2 r,=04
Hn-nr 1.39 1.10 0.78

Graphically presented stability analyses  (SRF) with a change in pore pressure (r,) are
over the coefficients of critical stress state  given in Figures from Figure 14 to Figurel6.

Figure 14 Analysis of slope stability over stress conditions of material at pore pressure
r,=0.0, SRF =1.39

Figure 15 Analysis of slope stability over stress conditions of material at pore pressure
r,=0.2,SRF=1.10
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ANALIZA PROFILA llI-l STOCNQ VANJSKO ODLAGALISTE‘

E

Figure 16 Analysis of slope stability over stress conditions of material at pore pressure
r,=04,SRF=0.78

CONCLUSION

Analyzing the results obtained in calcu-
lation for slope stability at pore pressures
r=0.0; r, = 0.2 and r, = 0.4, using three nu-
merical methods by Bishop, Janbu and Mor-
genstern-Price, as well as the finite element
method for calculation the stress conditions,
it can be concluded that the stability coeffi-
cient (Fs) and the coefficient of critical stress
condition (SRF) only at this point of stress
condition is almost identical.

It was confirmed by this analysis that in
addition to the possibility of application the
coefficient of critical stress condition (SRF)
in checking the filed stability in relation to
the stress conditions that occur within the
soil, a control of stability coefficient (Fs) can
be.
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ANALIZA | ODNOS KOEFICIJENTA SIGURNOSTI (Fs) |
KRITICNOG FAKTORA UTICAJA SMANJENJA NAPONA (SRF)
NA PRIMERU VANJSKOG ODLAGALISTA JALOVINE,
ISTOCNO ODLAGALISTE PROFIL III-111 PK “GACKO“ GACKO™

lzvod

Na podrucju PK ,,Gacko* vrSena je analiza stabilnosti kosina radnih etaza, zavrsnih kosina i
sistema kosina prema kriterijumima koje zahteva zakon Republike Srpske. U radu je izvrSena uporedna
analiza stabilnosti kosina sa tri numericke metode, po Bishop—u, Janbu i Morgenstern-Price-u. pri
razlicitin pornim pritiscima n,=0, r,=0,2 r,=0,4 i kriticnog faktora uticaja smanjenja napona pri istim
pornim pritiscima koji su ve¢ spomenuti

Sa postojecim i novodobijenim podacima izvrsene su analize stabilnosti kosina. Za proracunske
metode koriséeni su paketi programa SLIDE v6.0 i PHASE? v8.0 firme ROCSCIENCE. Ocekivani
rezultat je, pribliZzno ista vrednost za koeficijenata sigurnost (Fs) i kriticnog faktora uticaja smanjenja
napona (SRF) samo u toj tacki analize

Kljuéne redi: Naponska stanja, koeficijent stabilnosti, porni pritisak

uvoD

Programom SLIDE v6.0 i PHASE?
v8.0 proracun stabilnosti vrSen je u uslovima
grani¢ne ravnoteze prema kriterijumima koji
se danas Koriste u svetu:

e Bishop,

e Janbu,

o Morgenstern-Price,

e kao i pomocu kriti¢nog faktora uti-

caja smanjenja napona (SRF).

Osnovne  karakteristike  programa
SLIDE v6.0 i PHASE? v8.0 su:

Na podru¢ju PK ,,Gacko™ vrSena je
analiza stabilnosti kosina radnih etaZa,
zavrsnih kosina i sistema kosina prema
kriterijumima koje zahteva zakon Republike
Srpske. U radu je izvrSena uporedna analiza
stabilnosti kosina sa tri numericke metode

Sa postoje¢éim i novodobijenim poda-
cima izvrSene su analize stabilnosti kosina.
Za proracunske metode koris¢eni su paketi
prograna SLIDE v6.0 i PHASE? v8.0
firme ROCSCIENCE.

“ Institut za rudarstvo i metalurgiju, Bor, e-mail: dragan.ignjatovic@irmbor.co.rs,
lidijadj.ignjatovic@irmbor.co.rs, milenko.ljubojev@irmbor.co.rs
™ Inovacioni centar Masinskog fakulteta, Beograd, e-mail: dr.dragan.zlatanovic@gmail.com
™ Rad je proiza3ao iz projekta broj TR 33021 “Istrazivanje i pracenje promena naponsko deforma-
cijskog stanja u stenskom masivu ,,in-situ** oko podzemnih prostorija sa izradom modela sa
posebnim osvrtom na tunel Kriveljske reke i Jame bor* koji je finansiran sredstvima Ministarstva za
prosvetu, nauku i tehnolo3ki razvoj Republike Srbije
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SLIDE v6.0 je program koji se koristi za
analizu stabilnosti tla i stenskih masa. Ovaj
program obezbeduje razumljiv spektar ana-
liza, ukljucujudi i dizajn, koji podrzava datu
analizu, analiza podzemnih voda metodom
konacnih elemenata i analiza verovatnoce
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CAD, koji se bazira na grafickom interfejsu,
pruZza Siroki spektar interpretacija putem
modeliranja i podataka koje omogucavaju
brze i tacne analize. Fajlovi se mogu preneti
u program PHASE? za stabilnost kosina
metodom konacnih elemenata.

*lolaed Plo-YUinw s |Dis -

Sl. 1. Primer resavanja problema uz pomo¢ programa SLIDE

PHASE? v8.0 je mocan 2D program
koji svoj rad bazira na analizi napona uz
pomo¢ metode konacnih elemenata, kako za
podzemna tako i za povrSinska otkopavanja
stena ili tla. MoZze se Koristiti za Siroki
spektar inzenjerskih projekata, ukljucujuci

konstrukcije tunela, stabilnost kosina po-
mocéu metode konacnih elemenata, analiza
podzemnih voda, mrezno modeliranje, ana-
liza verovatnoce i Sire. Sa ovim programom
se mozZe brzo kreirati i analizirati komp-
leksno stanje modela u vise faza.
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Sl. 2. Primer reSavanja problema uz pomoé programa PHASE?
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TOK ISPITIVANJA | ANALIZA
PODATAKA STABILNOSTI

Svi geomehanicki rezultati koji su dobi-
jeni u nekim ranije vrSenim merenjima
kori$¢eni su kao ulazni podaci za programe
SLIDE v6.0 i PHASE? \8.0.

Stabilnosti kosina su analizirane uz po-
mo¢ numerickih metoda po Bishop-u, Janbu
i Morgenstern-Price-u dok je naponsko-
deformaciona analiza profila, imajuéi u vidu
geotehnicka svojstva sredina, radena po
Mohr-Columb-ovom Kriterijumu loma i pla-

22/01/2015 09:21

sticnim ponaSanjem stenske mase nakon
loma.

Proracun faktora sigurnosti izveden je za
razli¢ite vrednosti pornog pritiska, a koraci
pri analizi stabilnosti bili su: r, =0,0; r,=0,2
ir,=04.

U analizi stabilnosti kosina uzeto je u
obzir prostiranje talasa, izazvanih zemljo-
tresom, u najnepovoljnijem pravcu, tj.
upravno na Celo kosine, a usvojeni koefi-
cijent seizmicnosti koji iznosi Ks = 0,05.

Sl. 3. Izgled kosine na vanjskom odlagalistu jalovine — Istocno odlagaliste

Izgled geolokog profila koji je posluZio
za analizu koeficijent sigurnosti (Fg) i

koeficijenta kriticnog naponskog stanja
(SRF), dat je na slici 4.

Broj 1, 2015.
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ISTOCNO VANJSKO ODLAGALISTE PROFIL LI-LII'

Sl. 4. Geoloski profil na kome je vriena analiza stabilnosti

Usvojene vrednosti fizicko - meha- iradnih zavrdnih kosina su:
nickih parametara za analizu stabilnosti

Zapreminska teZina u Koheziia Ugao unutrasnjeg
Materijala prirodnom stanju - kPJ trenja
¥ [KN/m’] [kPal] 0

Kvartar (Q) 18,30 29 13
Odlozen 15,3 22,7 36,2
materijal

Na osnovu inZenjersko-geoloSkog pro-  liza stabilnosti prema veé¢ re¢enim meto-

fila 111 - 11" vanjskog odlagalista jalovine dama i dobijeni su slede¢i koeficijenti

— Istoéno odlagaliste, uradena je ana-  sigurnosti:

Koeficijent sigurnosti F
Profil N:gg;ike Koeficijent pornog pritiska
r,=0.0 r,=0.2 r,=04
Bishop 1,493 1,185 0,886
[ danbu 1,304 1,008 0,787
Morgenstern-Price 1,441 1,136 0,842

Graficki prikazane analize stabilnosti po  Morgenstern-Price i promeni pornog pritiska
numeri¢kim metodama, Bishop, Janbu i  (r,) date su naslikama od SI. 5 do SI. 13.
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po metodi Bishop-a-Ru=0,0|

\Analiza profila III-1l istocno vanjsko

Sl

Sl. 5. Analiza stabilnosti kosina po numerickoj metodi Bishop pri pornom pritisku
r,=0.0, Fs=1,493

|Anal|za profila I1I-1l istocno vanjsko c

Sl. 6. Analiza stabilnosti kosina po numerickoj metodi Janbu pri pornom pritisku
r,=0.0, Fs=1,304

|Ana|iza profila I11-11l istocno vanjsko po metodi

. 1. Analiza stabilnosti

-Price pri po

.

rnom pritisk

umerickoj metodi Morgenstern
r,=0.0, Fs=1,441

osina po n

Broj 1, 2015.
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-Fs proracunat po metodi B\shopa—Ru:U,Oﬂ

|Analiza profila I1I-11l istocno vanjsko

&

Sl. 8. Analiza stabilnosti kosina po numerickoj metodi Bishop pri pornom pritisku
r,=0.2, Fs=1,185

£7 £ £y £ & & £y W & £ £

\Analiza pru?lla 111111 istocno vanjsi?e il

Fs _po metodi Janbi

Ru=0,02|

Sl. 9. Analiza stabilnosti kosina po numerickoj metodi Janbu pri pornom pritisku
r,=0.2, Fs=1,008

\Analiza profila |[I-lll istocno vanjsko -Fs proracunat po metodi Morqenslern—Price—a—Ru:O‘02|

Sl. 10. Analiza stabilnosti kosina po numerickoj metodi Morgenstern-Price pri pornom pritisku

r,=0.2, Fs=1,136

Broj 1, 2015.
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lAnaliza profila I1I-111 istocno vanjsko -Fs proracunat po metodi Bishop-a-Ru=0,04/ A

T £ & T e r F c? £ 3 & £3 A.,

Sl. 11. Analiza stabilnosti kosina po numerickoj metodi Bishop pri pornom pritisku
r,=0.4, Fs=0,886

!Analiza profila l1I-1] istocno vanjsko odlagaliste -Fs proracunat po metodi Janbua—Ru=0,[M|

Sl. 12. Analiza stabilnosti kosina po numerickoj metodi Janbu pri pornom pritisku
r,=0.4, Fs=0,787

\Anallza profila llI-11l istocno vanjsko iste -Fs proracunat po metodi Mc Pnce—a—Ru:D‘[M\ EL

& 5 P9 & = 9 £

Sl. 13. Analiza stabilnosti kosina po numerickoj metodi Morgenstern-Price pri pornom
pritisku r,=0.4, Fs=0,842
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Na osnovu inZenjersko-geoloSkog pro-
fila I - 111" vanjskog odlagalista jalovine —
Isto¢no odlagaliSte uradena je analiza stabil-
nosti prema matematickom modelu meto-

dom konacnih elemenata Sa promenom
pornog pritiska (r,) i dobijeni su sledeci
koeficijenti kriticnog naponskog stanja
(SRF):

Koeficijent kriti¢nog naponskog stanja (SRF)

Profil Koeficijent pornog pritiska

r,=0.0

=02

=04

Hn-nr 1,39

1,10

0,78

Graficki prikazane analize stabilnosti
preko koeficijenta kriti¢nog naponskog sta-

nja (SRF) sa promenom pornog pritiska (r,)
dati su na slikama od SI. 14 do SI. 16.

Sl. 14. Analiza stabilnosti kosina preko naponskih stanja materijala pri pornom pritisku
r,.=0.0, SRF=1,39

Sl. 15. Analiza stabilnosti kosina preko naponskih stanja materijala pri pornom pritisku
r,.=0.2, SRF=1,10
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Cestical SF: 0,06

-

ANALIZA PROFILA ll-Il ISTOCNO VANJSKO ODLAGALISTEl

8000

Sl. 16. Analiza stabilnosti kosina preko naponskih stanja materijala pri pornom pritisku
r,=0.4, SRF=0,78

ZAKLJUCAK

Analizom rezultata dobijenih pri prora-
Cunu za stabilnosti kosina pri pornim priti-
scima r,=0,0; r, = 0,2 i r, = 0,4, koristedi tri
numeri¢ke metode, po Bishop-u, Janbu i
Morgenstern - Price-u kao i metodu kona-
¢nih elemenata za proratun naponskih
stanja, moze se konstatovati, da je koefi-
cijent stabilnosti (Fs) i koeficijenta kriticnog
naponskog stanja (SRF) samo u toj tacki
naponskog stanja skoro identican.

Tom analizom smo potvrdili, da pored
mogucnosti primene koeficijenta kriticnog
naponskog stanja (SRF) u proveri stabilnosti
teren u odnosu na naponska stanja koja se
deSavaju unutar tla, moZe da bude i kontrola
koeficijenta stabilnosti (Fs).
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