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1. IZVEDBA STABILIZACIJE TER PREDVIDENE KONSTRUKCIJE

Na cesti JP578801; ID1445654 (Bukovska vas - Orel - Kruznik) se je po neurju avgusta 2023
sprozil zemeljski plaz. Odlomi se nahaja nad notranjem robu ceste. Plaz je Sirine cca. 15 m ter

dolzine 10 m. Glede na podatke povratne analize se globina plazu nahaja na cca. 2,0 — 2,5 m.
Za sanacijo plazu smo izvedli naslednje stabilizacijske ukrepe:

- Kamnita zlozba, dolzina 24,0 m, h=6,0 m
- Odvodnjavanje saniranega obmocja

- Kokosova mreza za preprecitev nadaljnje erozije

Slika 1: Pogled na odlomi rob plazu
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1.1  Pripravljalna dela

Pripravljalna dela

Pred izvedbo del je potrebno:
- zakoli¢iti podane zakoli¢bene tocke in podati referencno visino,
- postaviti gradbiS¢no ograjo in gradbiscne tabl

- Izvesti popolno zaporo ceste oz. polovi¢no za izvedbo del

2.1  Kataster izvajanja na mestu opornih konstrukcij

Gradnja kamnite zlozbe bo v vec¢jem delu potekala na parcelni Stevilki 1234/6 ter na 1234/5,

k.o. (847) Vrhe v ob¢ini Slovenj Gradec

Opomba: V zgornjem stavku smo navedli le parcelne Stevilke, na katerih so predvidene oporne

konstrukcije.

2. KAMNITA ZLOZBA

Temeljno podlago kamnite zloZbe predstavlja preperina kamnine in kamnina diaftorit.

Na ustrezno izravnano in o¢is¢eno temeljno podlago se izdela betonski temel;j iz betona C25/30,

XC2,D32, S2 v debelini min. 50 cm. Po izvedbi temelja se pricne vgrajevati kamniti lomljenec.

Pri izvedbi kamnite zloZzbe se uporabi beton C25/30 XC2, D16, S2 ter kamniti lomljenec
velikosti 30-70 cm v razmerju 30:70, pri tem je potrebno fuge na vidnem delu zaradi

sonaravnega izgleda poglobiti.

Na kamniti zlozbi se izvede AB venec 0.80 m x 0.25 m iz betona C30/37 XF3, PV-II, D16, S3
na katerega se pritrdi Zi¢na panelna ograja. Zascitni sloj armature v AB vencu znaSa 5 cm. Pri
izvedbi venca je potrebno zgornje robove ustrezno pobrati s trikotnimi letvami 2/2 cm. AB
venec se dilatira na 6m. Dimenzije kamnite zloZbe se prilagodijo terenu. Detajli so prikazani v

risbi G.6.

Dimenzije kamnite zlozbe so: Visina 6,0 m (+ venec 0.25 m),
dolzina 24,0 m (os venca).
Za kamnito zlozbo se izdela drenazni zasip po celotni viSini, Sirine 0,3 — 0,5 m, za izpust vode

pa vgradimo na dnu zasipa drenazno cev.
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2.1 Odvodnjavanje

Na zaledni strani kamnite zlozbe se izdela drenazni zasip D16/32. Na dnu zasipa se na betonsko
posteljico Sirine 30 cm vgradi drenazna PE DN 200. Drenazna cev se izvede pod naklonom

min. 1 % v nov betonski jasek J2 DN800, globine h= 6,5 m.

Prav tako se na zaledni strani po celotni dolzini kamnite zlozbe izvedejo betonske kanalete, ki
se z direktnim vtokom speljejo v nov betonski peskolovni jasek J1 DN600, globine h= 1,0 m.
Z jaska J1 se izvede navezava na jasek J2. Z jaska J2 se izvede PE DN 315, SN8, dolzine

L=3,0, ki se poveze v predviden jasek, ki pa je obdelan v locenem nacrtu ceste.

2.2 Delovni plato in gradnja

Kamnita zlozba se gradi v dolzinskih odsekih dolzin najve¢ 5-6 m. Predvidena je kontaktna
oziroma samostojeca gradnja, izkopa se po koncanem delovnem dnevu ne sme pustiti odprtega,
kar pomeni, da je potrebno kamnito zloZbo izvajati sproti! V primeru nestabilnih zalednih
brezin izkopa se izvedejo ukrepi opisani v nadaljevanju ali pa se dolzinski odseki zmanj$ajo na

najve¢ 3 m.

T.1.2 STATICNA ANALIZA KONSTRUKCIJ
1. PROJEKTNE OSNOVE ZA STATICNE IN STABILNOSTNE IZRACUNE

Osnova za izvedbo nacrta podpornih konstrukeij je predhodno izdelano geolosko-geotehni¢no
porocilo:

- GP 140 - 2025 (Lam biro d.o.0.)

Geotehnicne karakteristike zemljin, globine posameznih slojev zemljin, nivoje podzemne vode
ter ostale podatke smo privzeli iz navedenega porocila ter situacije obstoje¢ega in predvidenega

stanja.
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2. STABILNO STATICNI IZRACUN

Osnova za dimenzioniranje podpornih konstrukcij so ovrednotene notranje stati¢ne koliCine
(MSN), deformacije (MSU) ter ostale stabilnostne analize. Pri mejnem stanju nosilnosti smo
uporabili ustrezne projektne pristope, pri mejnem stanju uporabnosti pa smo upostevali
varnostni faktor F=1.0. Vsi izracuni in dimenzioniranja so bili izvedeni v skladu s smernicami

Evrokod in smernicami TSC.

Za stabilnostno-stati¢ni izratun podpornih/opornih konstrukcij smo uporabili programsko
opremo GEOS. Kot rezultat analize smo dobili vrednosti mejnih stanj ter notranjih stati¢nih

koli¢in, ki so osnova za dimenzioniranje (PP2).

Stabilnostno-staticne izracune ter dimenzioniranja smo izvedli z racunalni§kimi programi

oziroma analiticnimi metodami. Vsi izracuni in dimenzioniranja so bili izvedeni v skladu s:

- SIST EN 1992 Evrokod 2: Projektiranje betonskih konstrukcij

- SIST EN 1997 Evrokod 7: Geotehni¢no projektiranje

- Priro¢nik za projektiranje gradbenih konstrukcij po Evrokod standardih
- TSC 07.201: Splosne tehniske specifikacije za podporne konstrukcije

- TSC 07.203: Teznostni zidovi

3. VHODNI PODATKI

Karakteristike zemeljskih slojev v profilu P12:

Sloj Kohezija | Strizni kot | Prostorninska
c (kPa) ¢ (°) tezay
(kN/m?)
Glinen melj 5 28 18,0
Preperina kamnine 20 35 20,0
Kamnina/diaftorit 100 35 23,0
Tamponsko/kamnito nasutje 1 38 20,0
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4. STATICNA ANALIZA KONSTRUKCILJ

Izrac¢un kamnite zlozbe, h= 6.0 m

Gravity wall analysis

Input data (Stage of construction 1)
Date : 12. 05. 2025

Settings
Slovenia - EN 1997

Materials and standards

Concrete structures : EN 1992-1-1 (EC2)
Coefficients EN 1992-1-1 : standard
Masonry (stone) wall : EN 1996-1-1 (EC6)

Wall analysis

Verification methodology : according to EN 1997
Active earth pressure calculation: Coulomb

Passive earth pressure calculation : Caquot-Kerisel

Earthquake analysis : Mononobe-Okabe
Shape of earth wedge : Calculate as skew
Allowable eccentricity : 0,333
Design approach : 2 - reduction of actions and resistances
Partial factors on actions (A)
Permanent design situation
Unfavourable Favourable
Permanent actions : Yg = 1,35 [H] 1,00 [H]
Variable actions : Ya= 1,50 [H] 0,00 []
Water load : Yw = 1,35 [H]
Partial factors for resistances (R)
Permanent design situation
Partial factor on overturning : YRy = 1,40 []
Partial factor on sliding resistance : YRR = 1,10 [-]
Partial factor on bearing capacity : YRe = 1,40 [-]

Partial factors for variable actions
Permanent daslgn situation

Factor for combination value : Yo = 0,70 [-]
Factor for frequent value : W= 0,50 [-]
Factor for quasi-permanent value : Yo = 0,30 []
Anchors
Verification methodology : Limit states (LSD)

Reduction coefficients
Reduction. coeff of steel strength : Ys= 1,35 [H
Reduction coefficient of pull out resistance (soil) : Ye = 1,35 [H]
Reduction coefficient of pull out resistance (grouting) : Ye= 1,35 [

Material of structure

Unit weight y = 23,00 kN/m?3
Analysis of concrete structures carried out according to the standard EN 1992-1-1 (EC2).

Concrete: C 25/30

| 1

IGEOS - Gravity Wall (64 bt) | version 3 2024 120.0 | haroware key 12085/ 1 | LAM BIRO d.o.o. | Copyright © 2024 Fine spol. s r.o. All Rights Reserved | www finesofware eul
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Cylinder compressive strength fck = 25,00 MPa
Tensile strength fam = 2,60 MPa
Longitudinal reinforcement: B500B
Yield strength fyk = 500,00 MPa
Geometry of structure

No Coordinate Depth

) X [m] Z[m]

1 0,00 0,00

2 -0,55 6,30

3 -3,95 6,00

4 -0,70 0,00

The origin [0,0] is located at the most upper right point of the wall.
Wall section area = 11,63 m2.
Basic soll parameters

5
No. Name pattern | ' o v S
[1_| [kPa]  [kN/m3] [kN/m3] T[]
1 Glinen melj B 25.00 5,00 18,00 9,00 23,00
2 Preperina kamnine 3500 2000 2000 11,00 3500
3 Kamnina/diaftorit F IF 1 35,00 100,00 23,00 14,00 35,00
4  Tamposnko/kamnito nasutje m 38,00 1,00 20,00 11,00 33,00
Soll parameters to compute pressure at rest
No. Name Pattern v Pet v e %
calculation [°] [-] [-] [-]
1 Glinen melj cohesive 0,30 - -
2  Preperina kamnine cohesive 0,30 - -
3 Kamnina/diaftorit D1 cohesive 0,25 < ’
4 Tamposnko/kamnito nasutje m cohesive 0,30 - -

Geological profile and assigned solls

Thickness of layer  Depth

No. t[m] z[m] Assigned soll Pattern
1 4,00 0,00 .. 4,00 Glinen melj -
2 1,90 4,00 .. 5,90 Preperina kamnine
3 - 590.x Kamnina/diaftorit T

Foundation

Type of foundation : soil from geological profile

| 2|

[GEOS - Gravity Wall (64 bit) | version 52024 1200 | haroware key 12683 / 1 | LAM BIRO d.o.0. | Copyright © 2024 Fine spol. s r.o. Al Rights Reserved | www finesoftware. ou)




LAM BIRO, gradbeno projektiranje in nadzor, d.o.o.
Smartno ob Paki 134, 3327 Smartno ob Paki

|AM B[RO

Kontakt: 031 776 280
info@lambiro.si

Terrain profile
Terrain behind construction has the slope 1: 2,05 (slope angle is 26,00 °).
Water influence

Ground water table is located below the structure.
Resistance on front face of the structure

Resistance on front face of the structure: not considered

Soil on front face of the structure - Tamposnko/kamnito nasutje
Soil thickness in front of structure h= 175 m
Soil slope in front of structure B =-200"-°
Settings of the stage of construction

Design situation : permanent
The wall is free to move. Active earth pressure is therefore assumed.
Reduction of soil/soil friction angle : do not reduce

Verification No. 1 (Stage of construction 1)
Forces acting on construction

Coeff.
overtur.

App.Pt.
X [m]

Fuert
[kN/m]

App.Pt.
z [m]

Fhor
[kN/m]

Coeff.
slldlng

Coeff.
stress

267,55
27,26

217
3,23

1,000
1,350

Weight - wall
Active pressure

0,00
70,39

-2,28
-2,58

1,000
1,350

1,350
1,350

Verification of complete wall

Check for overturning stability
Resisting moment 500,36 kNm/m
Overturning moment Mg, = 245,19 kKNm/m

Wall for overturning Is SATISFACTORY

Mres =

Check for slip
Resisting horizontal force Hpes =
Active horizontal force Hact

Wall for slip is SATISFACTORY

463,88 kN/m
64,28 kN/m

Overall check - WALL is SATISFACTORY

Maximum stress in footing bottom : 134 49 kPa
Bearing capacity of foundation soil (Stage of construction 1)

Design load acting at the center of footing bottom

Shear Force
[kN/m]

Moment Norm. force

e [KNm/m] [kN/m]

Eccentricity

Stress
[kPa]

1 -47,69 405,47
2 15,46 312,29

54,21
63,48

0,000
0,016

134,49
107,10

Service load acting at the center of footing bottom
No Moment Norm. force

[kNm/m] [KN/m]

1 -35,32 300,35
Verification of foundation soll

Stress in the footing bottom : trapezoid

Shear Force
[kN/m]
40,16

Eccentricity verification
Max. eccentricity of normal force e = 0,016
Maximum allowable eccentricity egy, = 0,333

3
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Eccentricity of the normal force is SATISFACTORY

Verification of bearing capacity

Ultimate bearing capacity of found. soil R = 1500,00 kPa
Partial factor on bearing capacity YRv = 1,40

Max. stress at footing bottom o = 135,16 kPa
Allowable bearing capacity of foundation soil Rq = 1071,43 kPa

Bearing capacity of foundation soll is SATISFACTORY

Overall verification - bearing capacity of found. soll is SATISFACTORY
Dimensioning No. 1 (Stage of construction 1)
Forces acting on construction

Name Fhor App.Pt. Fyert App.Pt. Coeff. Coeff. Coeff.
[kN/m] z [m] [kN/m] X [m] moment | norm.force shear for.

Weight - wall 0,00 -2,37 256,94 2,18 1,000 1,000 1,000

Active pressure 70,39 -2,58 27,26 3,23 1,350 1,350 1,350

Wall check at the construction joint 6,00 m from the wall crest

Cross-section depth h = 3,03 m

Ultimate shear force Vrg = 2053,24 kN/m > 95,03 kN/m = Vg4
Ultimate compressive force Ngg = 37647,39 kN/m > 293,74 kN/m Nggd
Ultimate moment MRrg4 441,08 kNm/m > 29,62 kNm/m = Mgy

Cross-section bearing capacity is SATISFACTORY

n
1]

Input data (Stage of construction 2)
Geological profile and assigned solls

Thickness of layer| Depth
t(m] z[m]

1 4,00 0,00 .. 4,00 Glinen melj

No. Assigned soll Pattern

2 1,90 4,00 .. 5,90 Preperina kamnine

3 - 5,90.. = Kamnina/diaftorit

il

Foundation

Type of foundation : soil from geological profile
Terrain profile

Terrain behind construction has the slope 1: 2,05 (slope angle is 26,00 °).
Water influence

GWT behind the structure lies at a depth of 3,50 m
GWT in front of the structure lies at a depth of 5,00 m
Subgrade at the heel is permeable.

Hydraulic gradient = 0,37

Resistance on front face of the structure

Resistance on front face of the structure: not considered

Soil on front face of the structure - Tamposnko/kamnito nasutje
Soil thickness in front of structure h= 175 m
Soil slope in front of structure p=-200"

Settings of the stage of construction
Design situation : permanent

| 4
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The wall is free to move. Active earth pressure is therefore assumed.
Reduction of soil/soil friction angle : do not reduce

Verification No. 1 (Stage of construction 2)
Verification of complete wall

Check for overturning stability
Resisting moment  Mpes = 447,86 kNm/m
Overturning moment Mg,, = 269,99 kKNm/m

Wall for overturning Is SATISFACTORY

Check for slip
Resisting horizontal force Hres = 410,83 kN/m
Active horizontal force Hact = 90,61 kKN/m

Wall for slip Is SATISFACTORY
Overall check - WALL Is SATISFACTORY

Maximum stress in footing bottom : 118,72 kPa

Bearing capacity of foundation soil (Stage of construction 2)

Design load acting at the center of footing bottom

No Moment Norm. force Shear Force Eccentricity Stress
[kNm/m] [kN/m] [kN/m] ] [kPa]

1 -1,48 357,93 81,45 0,000 118,72

2 59,36 276,20 89,58 0,072 106,84
Service load acting at the center of footing bottom

No Moment Norm. force Shear Force
) [kNm/m] [kN/m) [kN/m]

1 -1,10 265,14 60,33
Verification of foundation soll
Stress in the footing bottom : trapezoid
Eccentricity verification
Max. eccentricity of normal force e = 0,072
Maximum allowable eccentricity eg,, = 0,333
Eccentricity of the normal force is SATISFACTORY
Verification of bearing capacity
Ultimate bearing capacity of found. soil R = 1500,00 kPa
Partial factor on bearing capacity YRv = 1,40
Max. stress at footing bottom o = 131,64 kPa
Allowable bearing capacity of foundation soil Ry = 1071,43 kPa
Bearing capacity of foundation soll is SATISFACTORY
Overall verification - bearing capacity of found. soil Is SATISFACTORY
Dimensioning No. 1 (Stage of construction 2)
Wall check at the construction joint 6,00 m from the wall crest
Cross-section depth h = 3,03 m
Ultimate shear force VRg = 204252 kN/m > 114,59 kN/m = Vgg4
Ultimate compressive force Ngrq = 35528,60 kN/m > 260,08 kN/m = Ngq
Ultimate moment MRrd = 390,87 KkKNm/m > 46,89 KNm/m = Mggd

Cross-section bearing capacity is SATISFACTORY

[

5
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Input data (Stage of construction 3)
Geological profile and assigned solls

Thickness of layer  Depth
No. Assigned soll Pattern
t[m] z [m]
1 4,00 0,00 .. 4,00 Glinen melj Vo7
2 1,90 4,00 .. 5,90 Preperina kamnine
3 - 590.x Kamnina/diaftorit LI_ﬁJT‘l Ly “w
Foundation

Type of foundation : soil from geological profile
Terrain profile

Terrain behind construction has the slope 1: 2,05 (slope angle is 26,00 ).
Water influence

GWT behind the structure lies at a depth of 3,50 m
GWT in front of the structure lies at a depth of 5,00 m
Subgrade at the heel is permeable.

Hydraulic gradient = 0,37

Resistance on front face of the structure

Resistance on front face of the structure: not considered
Soil on front face of the structure - Tamposnko/kamnito nasutje

Soil thickness in front of structure h= 175 m
Soil slope in front of structure B =-2,00 °
Earthquake

Factor of horizontal acceleration Ky, = 0,0150
Factor of vertical acceleration Ky = 0,0075

Water below the GWT is restricted.
Settings of the stage of construction

Design situation : permanent
The wall is free to move. Active earth pressure is therefore assumed.
Reduction of soil/solil friction angle : do not reduce

Verification No. 1 (Stage of construction 3)
Verification of complete wall

Check for overturning stability
Resisting moment Mg = 459,84 kKNm/m

Overturning moment Mg, = 349,63 kNm/m
Wall for overturning is SATISFACTORY

Check for slip
Resisting horizontal force Hpes = 369,13 kN/m
Active horizontal force Haet = 112,51 kKN/m

Wall for slip is SATISFACTORY
Overall check - WALL is SATISFACTORY

Maximum stress in footing bottom : 138,88 kPa

8]
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Bearing capacity of foundation soil (Stage of construction 3)
Verification of foundation soll

Stress in the footing bottom : trapezoid

Eccentricity verification

Max. eccentricity of normal force e = 0,156
Maximum allowable eccentricity ey = 0,333

Eccentricity of the normal force is SATISFACTORY

Verification of bearing capacity

Ultimate bearing capacity of found. soil R = 1500,00 kPa
Partial factor on bearing capacity YRy = 1,40

Max. stress at footing bottom o = 182,27 kPa
Allowable bearing capacity of foundation soil Ry = 1071,43 kPa

Bearing capacity of foundation solil is SATISFACTORY

Overall verification - bearing capacity of found. soll is SATISFACTORY
Name : Bearing cap. Stage - analysis : 3 - -1

YA,
. ]

::::::::::

::::::::::

Dimensioning No. 1 (Stage of construction 3)
Wall check at the construction joint 6,00 m from the wall crest

Cross-section depth h = 3,03 m

Ultimate shear force VRg = 2043,70 KN/m > 134,95 KN/m = Vgg
Ultimate compressive force Ngrq = 29033,64 kN/m > 263,77 KN/m Ngeg
Ultimate moment MRd 396,37 kNm/m > 111,80 kNm/m = Mgg

Cross-section bearing capacity is SATISFACTORY

| 7|
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GLOBALNA ANALIZA

S.

Preverili smo $e globalno stabilnosti po izvedbi stabilizacijski ukrepov. Izracun stabilnosti smo

obdelali na profilu P12 z dodano podporno konstrukcijo — kamnito zlozbo

Pri izracunu je upoStevan varnostni faktor 1,25 (EC-7):

18,0
20,0
24,0
28,0
32,0
36,0
40,0
44,0
48,0
52,0
56,0
60,0
62.2

2 e 9 @
o o ¢ @
@ @ e o o
@ @ @ @

Slope stability verification (Bishop)

F.= 53,32 kN/m

Sum of active forces :

85,79 kN/m

M, = 271,38 kNm/m
M, = 436,65 kNm/m

Fo=

Sum of passive forces :

Sliding moment :

Resisting moment :

Rezultati v profilu P12

Slope stability ACCEPTABLE

Utilization : 62,2 %

v v

Pri izraCunu po izvedeni stabilizaciji s kamnito zlozbo je dosezena stopnja izkoriS¢enosti

cca. 62 %, ki je niZja od 100 %, kar pomeni, da je profil v tem delu v stabilnem stanju. Ob

upostevanju stabilizacijskih ukrepov je globalna stabilnost zagotovljena.
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6. ZAKJLJUCEK

Konstrukcijski elementi so dimenzionirani tako, da je Stevilo razlicnih elementov ¢im manjse,
najvecje dovoljene vrednosti pomikov ne presegajo zahtev mejnega stanja uporabnosti, najvecji

dovoljeni notranji stati¢ni vplivi ne mejnega stanja nosilnosti konstrukcije ter nosilnosti tal.

Vsi vgrajeni materiali morajo ustrezati veljavnim standardom in predpisom, za kar je odgovoren

izvajalec konstrukcije.

V izogib morebitnim kasnejSim tezavam je priporocilo, da izvajalec pred zacetkom del uskladi

morebitne operativne detajle s pooblas¢enim inzenirjem.

Vse morebitne spremembe se morajo ustrezno evidentirati in vrisati zaradi predlozitve k
projektu izvedenih del (PID), ve¢je spremembe konstrukcije so dovoljene izklju¢no s pisnim

soglasjem projektanta in ob izdelavi ustreznih analiz konstrukcije.
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G RISBE

G.1 Pregledna situacija trase

G.2 Gradbena situacija v odseku predvidene kamnite zlozbe
G.3 Zakoli¢bena situacija

G.4 Stabilizacija v profilu P9 in P10

G.5 Stabilizacija v profilih P11, P12 in P13

G.6 Detajli kamnite zlozbe
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Betonski jaSek J1 DN600, peskolovrﬁ

na jasek J2, h=1,0 m

6,00

k3

z betonskim pokrovom

‘?

Betonski jaSek J2 DN80
97
~Jr \- h=5,0m
—F

vz wylllz;.-:'k , OZC)-‘r
~D

kampada 4 [=6,00 m

]

M

Armatura v preCnem prerezu:
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)

(ON = @ Trajno elastiéna
@ 2{ masa za stike
@ @ Trajno elasticni
zapolnitveni
material
@ Trda penasta
plosCa
Armaturni izvleCek KZ:
Pali¢na armatura B500-B
Ozn. Oblika in mere (cm ) ®(mm) [Lg(m) [N (kos) [Lgn(m)
1 600 10 6,00 36 216
> »:.00
ézﬁ 10 1,80 121 217,8
— 00,
Skupaj:
d Lgn (m) TeZa na enoto Teza
(mm) (kg/m ) (kg)
10 433,8 0,649 281,54
Skupna teza: 281,54
AB venec se dilatira na 6 m.
Toc€na viSina zlozbe se prilagodi obstojeCemu terenu.
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