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Uvod/Introduction

* Prezentacija prikazuje iskustva u fazi izvodenja na autoputu Kicevo —
Ohrid (=55 km kthe presentation shows experiences during the execution
phase on the KiCcevo — Ohrid highway (=55 km)

« Stabilnost kosina u slabim anjzotmﬁnim stijenama je bio glavni
problem / Stability of slopes in weak anisotropic rock masses was the
main issue

« Kosine: 58 (H >30 m; Hmax >100 m) / Cut slopes: 58 (H >30 m; Hmax
>100 m)

« Litologija: kvarc-sericitni i grafitni Skriljci / Lithology: quartz-sericitic
and graphitic schists
« Stanje stijena: potpuno do jako troSne, lokalno umjereno trosSne /

Rock condition: completely to highly weathered, locally moderately
weathered (ISRM, 1981a)
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Uvod/Introduction

 Struktura: tektonski poremecene, naborane, povoljna folijacija /
Structure: tectonically disturbed, folded, favourable foliation

« Kvalitet stijenske mase: vrlo loS do loS / Rock mass quality: very
poor to poor (Bieniawski 1989; Barton-Bar, 2015)
« Parametri po zonama / Parameters by zones:

= TroSne zone: RQD = 0-30%, UCS = 3-5 MPa / Weathered zones: RQD = 0-30%, UCS
= 3-5 MPa

= Umjereno troSne zone: RQD = 30-60%, UCS = 10-15 MPa / Moderately weathered
zones: RQD = 30-60%, UCS = 10-15 MPa
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Uvod/Introduction

Kvalitet stijenske mase: vrlo loS do loS / Rock mass
quality: very poor to poor (Bieniawski 1989; Barton-

Bar, 2015)
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rOdUCtion Litologija: kvarc-sericitnii grafitni Skriljci
/ Lithology: quartz-sericitic and graphitic schists

Completely to Highly Weathered
Phyllite

Highly 1o Moderately
Weathered Phy lhite

# Completely to Highly Weathered
Quartz-Sencite Schist

» Highly to Moderately
Weathered Quartz-Sericite
Schist

» Completely to Highly Weathered
Graphitic Schist

Highly to Moderately Weathered
Phyllite

= Highly 1o Moderately
Weathered Graphitic Schist

= Highly to Moderately Weathered
Quartz-Sericite Schist = Shightly 10 Moderately

Weathered Phy it
® Highly to Moderately Weathered L

Graphatic Schust

= Slightly to Moderately
Weathered Quartz-Sericite
Schist

# Moderately to Shightly Weathered
Phyllite

® Moderately to Shightly Weathered
Quarz-Sencite Schist = Shightly to Moderately

Weathered Graphitic Schist
® Moderately to Shightly Weathered

Graphitic Schast
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Metodologija / Methodology

Analiza i sinteza svih podataka / Analysis and Synthesis of available data

Komparativna analiza / Comparative analysis

Empirical methods Kinematical analyses LEM FEM

A 4

Interpretacija i uporedjenje rezultata sa uslovima na terenu/ Interpretation and comparison of
the results with the slope conditions on-site

Izbor reprezentativnih parametara za analize/ Selection of crucial parameters influencing the
stability

Projektna resenja/Design solutions
Primeri/ examples

Algoritam za primena integralne metodologije/ Algorithm for application of the proposed integral
methodology
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Metode za procjenu stabilnosti kosina
/ Methods for slope stability assessment

5?@‘ Slope stability assessment Iﬁ ) Slope stability assessment %
Empirical methods Limit Equilibrium Method (LEM)
. 90 7 » Deterministic approach mE
" s i — Fs = si = FSapiow (1,3-1,5; in exceptional cases up to 2,0)
- 2 robability of failure m
. 60 » Probabilistic approach (reliability-based design)
%4 < 50 Pf =" 100% (<20%) B="" (25
¥ 2 20
£ g
B 30 —é 30
o e, i
1: (:).()(H 0.01 0.1 ! 1 10 o .
e I . Numericke metode/Numerical methods
> Qo Baron & Bar Q015,201 Qe =72 (2) ST o= 20000 65 Metod konacnih elemenata— Finite Element Method (FEM)
Kinematske analize/Kinematical analyses » Provides a clear representation of the state of stresses and strains at any point of the half-space
: Poles of different
SNy — Slope:faon T dscominaity plans » No assumptions of the sliding surface, so they can be of complex geometry
) > Stress redistribution effect is included
b A Dieominiy Pl » There is a possibility of progressive failure
2 TS 7 .: or the planes
Y » Modelling of very complex geometries and structural elements
9 //T’Y g » Analysis of different conditions and construction phases
af .'f:%“ —— Intersection
§ 'fj\/ o o » Not widely adopted for routine slope stability analyses (large number of input parameters)
d) \SS =TT ” N ; Discontinuity plane > Shear strength reduction technique: Fs = M = i

tan @, C,
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Metode za procjenu stabilnosti kosina

Deterministic and probabilistic slope stability Iib
assessment with LEM and numerical analyses (FEM)

Fs=

v ucs GSI m; D
[KN/m¥]  [MPa] 1 [/1 [/]

225240 35 10-20 45 0,2-0.4

Type of rock

Completdy to highly
weathered schists
Moderately weathered

25,02 5 20- =
i 0-260 10-1L 0-30 67 0,5-0,7

Rdatively fresh schists 255265 3035 3040 8 0,7-0.8
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Metodologija modeliranja terena/ Methodology for terrain modelling
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properties, material
parameters and relevant limit states X

Level 5: Geotechnical design model with design parameters,
included risks and consequences
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Level 1: Conceptual engineering-geological model
Tool for estimation
Level 2: Observational engineering-geological model (Anﬂyncd method for asscssing
the rock mass behaviour)
Ob]ecttvo
Method A Method B Method C Method D
— g— Use of Basic Extended
f Analytical numerical numerical Level'l
9 pre';e)::u:; methods, methods, methods, 1= | | ot
& g :ne';\o:ls stress-based FEM, BEM, fully-coupled L 2l
i A | DEM. hybrid | models
g aEly [ i d
£ E 1\ Precedent Rock mass Davibiisé m‘": i
gl |3 type chsdfcation systcupm& R85 i
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Design based on forward analysis H Design based on back analysis

I

Construction and Monitoring

‘Big Picture’ Understanding
* Global tectonic setting
* Regional to district scale
geological setting

1 | Conceptual Models |

Feedbock increasing
understonding of
geological controls into
conceptual models os
profect cycles through
pre-feosibility »
feasibility » detalled
design stages

Main Model Components lStructure ] IRock Mass I IHydrogeology ]
|

* Engineering geological characterization
* Visualization geometry (spatial distribution)
* Parameterization for analysis

Observational Model
Format

Consequence class Geotechnical comp lexity class (GCC)

(€C)

Normal (GCC2) High (GCC3)

Low (GCC1)

High (CC3)

Normal (CC2)

Low (CC1)

Geological material Ground behaviour

and mass properties

Qoservation
experience
intuition

synthesis

Va
7

ENGINEERING GEOLOGY

Geological model
< > Numerical analysis

GEO TECHNICAL

Geological model <> Ground model

Geological process
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Problemi/ Problems

6
5
3

0 10 2 0 0 SO 60 70 80 90 100 110 120

Height of the cut [m]

Number of cuts

Overall angle of the cut | *]

B Cuts with significant instability (22)
Cuts with minor local instability (18)

© Cuts without signs of instability (18)

Height of the cut|m]
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Problel:ni/ Prob

Joint set
230-030/20-50
245-260/70-90
170-200/50-80
140-180/50-85
090-120/70-80

050/60-70
030-060/65-80

Density/m’

10-20
3-6
6-12

6-12

Condition
Closed or filled with clay, smooth
Closed or filled with clay, smooth
Open, filled with clay, rough
Open, filled with limonite, rough
Closed or filled with clay, smooth
Open, filled with clay, smooth
Open, filled with limonite, rough

Uniaxial compressive sirength - MPa
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lems

Average dspersion of strength
for most rocks - MPa
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7-13  10-12
6-10 6-8
7-11 810
510 810
512 10-12
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2%

Unit weight of rock - KN
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Problemi/ Problems

 Intenzivna erozija nezasticenih kosina/Intensive erosion on
unprotected slopes

i



Slope
number

1

o 9 A B W N

atmospheric

influence
12 months
22 months
14 months
17 months

8 months
11 months

5 months

26 months

=> Reduction of UCS, GSI and m;

Exposure to Maximum depth
of the sliding
surface

25m
3.0m
3.0m
5.5m
2.5m
3.5m
45m
2.0m

UcCs
[MPa]

5
10
4
12
15
10
8

3.5

Problemi/ Problems

GSI

| g
23
17
27
30
25
23
15

L O & =3 &

Fs

1,34
1.43
1,31
1.46
1,34
1,31
1.33
1,53
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Negative atmospheric influence = decomposition of rock masses over time,
especially in surface zones and the joint walls, but also generally of the | :
massif), should also be taken into account, particularly in weak rock masses. &

Reduction of
parameters
forFs= 1.0 [%]

17.9
21.8
1.5
20,1
14,7
17.1
15,2
232
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Exposure of the slopes to atmospheric influence, t [months] Exposure of the slopes to atmospheric influence, t [months]

R=0.4t+12.4

Further research can be aimed at determining the reduction intensity of the parameters and evaluating the weathering
depth over time.
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Primeri zastitnih mera
/Examples of applied protective measures

Galerije i privremena zastita pri radu/
Galleries and temporray protection mesaures during
construction
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Primeri zastitnih mera
/Eg(amples of applied protective measures

| 278 | 1000 40| 1178
I I I L

Elevation(m)

a1 1

300 | %2 | EM 3% | 2400
= 1 ™ (I

Intercepting

"l ditcae Mottar + Clay Crack

Nren . :5.1. : SEdlng qutter
o S > }:

trongly weathdtbd phyliie -~ . Bl
TaO —H - T 1 . e L %r
7ok Strongly wealiéred graphile schic! e e

S quiter
785 - ﬁ*&“ - - j# - .
| R “ | gy Platform Hardening

- — " qutter
155 “Fiilllenath bo d_ == .
750 anchorframe ~  —_ | T T |
ns Upward-filted drainage hgle ! —— || = = ———
e Prestresse AR cable | =34m, anchong section S N | _
| lenghom, Type | ani-slide ple length 20#. O Lipward tiled drainage hole s
sl 6% L=30@6m -
T25 725

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
o ] 0 1% W0 25 3 35 40 45 S50 S5 80 65 TO TS 80 BS 90 95 100 105 110 115 120 125 130 135 140 145 150 155 160 165 170 175 180 185 (m)

Ankerne konstrukcije i duboko fundiranje on piles/
Anchor structures combined with deep pile foundation
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Primeri zastitnih mera
/Examples of applied protective measures

0¥ Ha a8TONATOT
highway axis

00X Ha KOHCTDYKUMA
stucure anis

B
+
+ 4+ DAL
TS T 5 R e
L LU SR <
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44 ¥ : 4+ \

MCKON HATPATIEXHA JAMA 3A OYHIAPAIE
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¥ X
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oetin” LX) °
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Primeri zastitnith mera

/Examples of applied protective measures

. \ - BreHd I(
i - Tepen ™, _

- &f&f.ﬁf e Anrepi L=3 m, non aron o 20°,
g\}-‘fi}‘ﬁ n H H

Ha pactojadue HV = 3.0/2.0 m

Ankepn L=6 m, nog aron og 20°,
= Ha pactojasue HV = 3.02.0 m

FLT

238
15+060.00

Duboko fundiranje on piles/
Deep pile foundation
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Antierozivne mjere/
Protection mesaures against erosion
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Neke preporuke/Lessons learned
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Suggested methods for analyses in relation with

Geotechnical category according EC7 @ Busotine na rastojanju oko 30 m/Boreholes distance

around 30 m
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Neke preporuke/Lessons learned

=118 (Slide) 90
)
80 - 80
70 70
% (Slide) -
3 ” 37 (Swedge) | o
)] i ; N
2 Q
= 50 (R (S, & 50
e~ b
O] g
g 4 g 40
2 7 Stable slopes
(=]
? 30 30
Slope stability 7 —
Slope stability ’ e Fs<1.1
O [ s i RNl | | | 10 o Fs> 1.1 (ky=0.1, ki=20.5k;)
‘ ® Fs> 1.1 (k;=0.2, kv=+0.5k;)
_ 0
0.001 0.01 0.1 1 10
0.001 0.01 0.1 1 10 2 * &
-slope
Quope Qslop

Predlozena zona za stabilne naklone/
Proposed boundary zone for stable slopes with
seismic influence (k;, = 0,2; k, = 0,1)

Modifikacija Q-slope za seizmicka podrucja
/Adjusting the Q-slope system in seismically active
AreA<
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Neke preporuke/Lessons learned

Faktor 1
Projektant saobracajnice
(definise elemente
saobracajnice, naklone,
raspored masa, lokaciju
odlagaliSta, signalizaciju i
dr)

Interakeija 1,2

Projekant trazi od
istrazivacéa geoloske i
geotehnicke podatke,

podatke o
zemljotresima poplava,
kliziSta, erozije itd.

Interakcija 1,3

Projektant traZi od
donosioca odluka i
investitora planove
prostornog razvoja za
neki period, veli¢inu
saobracaja itd.

Interakcija 2,1
Struénjaci koji se bave
istrazivanjem daju
podatke projektantu koji
su dobili u datoj fazi
istrazivanja i predlazu
neophodne mere zastite

Faktor 2
Istrazivaéi (lica koja se
bave istrazivanjem
terena i prirodnim i
tehnogenim hazardima
- geolozi, seizmolozi,
geotehnicki inZenjeri
itd.)

Interakcija 2,3
Struénjaci koji se bave
istrazivanjem daju
podatke do investitora,
kako bi predstavili
moguca ograni¢enja,
hazarde, rizike,
neophodne mere zastite
idr.

Interakcija 3,1
Donosioci odluka
prezentiraju njihove
potrebe i o¢ekivanja
ispred projektanta,
moguéi vremenski okvir,
visinu investicije za
istrage i dr.

Interakcija 3,2
Donosioci odluka
definiraju projektni
zadatak, prihvatljiv
nivo rizika, standarde
koje treba postovati itd.

Faktor 3
Donosioci odluka
(drzavne i opstinske
institucije, investitori
itd.)

Donosioci
odluka

Saobracajno
inZenerstvo

Geotehnika '

Preporucen interaktivni princip suradnje/
Suggested principle for cooperation
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Neke preporuke/Lessons learned

Approach and type of analysis Factor of

Barton-Bandis criterion ¢, =28°, JRC =6, JCS = 16,5 MPa safety, Fs
Dry conditions, without seismic influence (slope angle 56°) 1,24
Dry conditions, without seismic influence (slope angle 45°) 1,34
Plane water pressure 20%, without seismic influence (slope angle 45°) 1,25
Plane water pressure 20%, k;, = 0,10 (slope angle 45°) 1,02
Plane water pressure 20%, k;, = 0,20 (slope angle 45°) 0,84

Eurocode 7, Design Approach 3

Plane water pressure 20%, k;, = 0,10 (slope angle 45°) 0,82
Plane water pressure 20%, k;, = 0,20 (slope angle 45°) 0,68

Pazljivi izbor metoda za analizu stabilnosti/
Selection of appropriate method for analyses

UDRUZENJE INZENJERA GEOTEHNICARA U BOSNI I HERCEGOVINI
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Zakljucci / Conclusions

* Problem izvodjenja kosina u slabim stenskim masama-izuzetan
izazov/

The Execution of Slopes in Weak Rock Masses — An Exceptional
Challenge.

 Slozenost izvodenja kosina dodatno je otezana:

= GeoloSkim neizvjesnostima
= Materijalnim neizvjesnostima
= Modelskim neizvjesnostima

The complexity of slope construction is further compounded by:

= Geological uncertainties

Material uncertainties

Modeling uncertainties
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Zakljucci / Conclusions

,Ne mozemo rijeSiti nase probleme istim nainom razmisljanja kojim smo ih stvorili.”
, We cannot solve our problems with the same thinking we used when we created them.”

,Usred svake poteskoce lezi prilika.”
“In the middle of every difficulty lies opportunity.”

Albert Einstein (citations listed from Al sources)

»lnzenjerstvo je postizanje funkcije uz izbjegavanje neuspjeha, a iskustvo je
najpouzdaniji ucitelj za oboje.”

“Engineering is achieving function while avoiding failure, and experience is the
most reliable teacher of both.”

Henry Petroski (Engineer & Historian)
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POZIV/INVITATION
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