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1. TEKSTUALNA DOKUMENTACIJA



1.1 TEHNICKI IZVJESTAJ
- uz gradevinski projekat potpornih zidova -

1. UuvoD

Gradevinski projekat potpornih zidova na parking

OSVRT NA OSNOVE ZA PROJEKTOVANJE

2. Geodetske podloge
Geodetske podloge sadrze poprecne profile na svakih 5-10m.
Prije izvodenja radova treba obiljeziti teren, prenijeti poloZaj zidova na teren i po
potrebi izvrsiti manje ispravke u cilju boljeg uklapanja u postojec¢e stanje. Izraditi profile
na pocetku i kraju potpornog zida.

a) Seizmogeoloske odlike terena

Prema karti seizmiCke mikrorejonizacije ovog podrucja, ovaj dio terena pripada zoni
amaxzo,gzg.

3. OPIS KONSTRUKTIVNOG RJESENJA

Zid je projektovan kao AB “L” popre¢nog presjeka. Zid je vertikalni sa unutradnje strane i
pod nagibom sa spoljasnje strane priblizno pod nagibom 1:15.

U ¢itavoj zoni zahvata projektovan je potporni zid visine od 1.3, 1.7m i 2.20m. Zid je
kampadiran, duZine kampada su od 1.5 do 4.0m.

Karateristike materijala; Za zidove je projektovana marka betona C25/30 XC4,
maksimalne veli€ine zrna agregata 32mm. Zidovi su armirani rebrastom armaturom
B500B. Zastitini sloj do armature je a=5.00cm.

Barbarkane su kruZznog oblika pre¢nika 100mm. Postavljaju se dva reda barbarkana -
prvi na visini od cca 50cm od gornje ivice temelja, a drugi red na 1.00m iznad prvog reda,
u cik cak rasporedu na 2.00m rastojanja.

lzvodenje; Temelji i tijelo potporne konstrukcije — zida izvodi se u obostranoj oplati, u
kampadama duzine 1.5m do 4.0m. Odmah nakon iskopa u temeljnoj jami treba izvesti sloj
"mr§avog" betona, (ne manje od C16/20 XC1) debljine 5-10cm, koji je podloga za
formiranje armaturnih koSeva.

Nasipe ispod saobracajnice zbijati do modula stiSljivosti Msmin=30MPa, a izvan
saobracajnice sa spoljne strane zida Ms=20MPa.

Oplata treba da bude glatka (blazujka ili sl.) i bez uocljivih spojeva i teksture. Sve vidljive
ivice pojedinih kampada su "oborene" trougaono 4.00cmx4.00cm, kako je prikazano u
grafickoj dokumentaciji (prilog 3.7).



4. PRORACUN POTPORNIH ZIDOVA

Proracun potpornih konstrukcija je izvrSen prema konceptu aktivnog zemljanog pritiska i
dozvoljenog opterecenja na temeljno tlo, uz provjeru faktora sigurnosti na prevrtanje i
klizanje prema EC 7 i EC 8.

Detalji proracuna su dati u dijelu 3.1. Stati¢ki proracun.
5. OSVRT NA PREDMJER | PREDRACUN RADOVA

Predmjerom i predraunom radova su obuhvaceni: iskopi za temeljne jame i nasipanje
ispred i iza zidova, beton, armatura i barbakane. Ostale koli¢ine nasipa, su obuhvacéene
kroz predmjer saobracajnice.

U cijenu betona zida uklju€eni su: beton temelja i tijela zida i podlozni sloj ispod temelja
zida.

6. MJERE | RIESENJA ZA OBEZBJEDENJE TRAJNOSTI

Osnovna mijera za obezbjedenje trajnosti objekta je primjena kvalitethog materijala i
odvodenje vode kao osnovnog uzroka ostecenja betonskih konstrukcija. Projektovana je
marka betona C25/30 XC4 koja pored nosivosti, kroz adekvatnu koli¢inu cementa,
obezbjeduje trajnost betona.

Podgorica, Sastavio:
mart 2023.god.

Dr Zvonko Tomanovi¢,dipl.inz.grad.

Spisak osnovnih propisa, pravilnika i standarda koji su kori$¢eni pri projektovaniju:

Zakon o planiranju prostora i izgradnji objekata
("Sl.list Crne Gore", br. 64/17, 44/18, 63/18, 11/19 i 82/20)

Pravilnik o nacinu izrade i sadrzini tehni¢ke dokumentacije za gradenje objekata
(Sl. list CG br. 44/18143/19)

Pravilnik o nacinu izrade i sadrzini tehniCke dokumentacije za slozene inZenjerske objekte
(SI. list CG br. 71/18)

MEST EN 1997-1:2017
Eurokod 7: Geotehnitko projektovanje - Dio 1: Opsta pravila
MEST EN 1997-1:2017/NA:2017 - Nacionalni aneks



MEST EN 1998-5:2019

Eurokod 8: Projektovanje seizmiCki otpornih konstrukcija - Dio 5: Temelji, potporne
konstrukcije i geotehnicki aspekti

MEST EN 1998-5:2019/NA:2019 - Nacionalni aneks



1.2. PREDMJER RADOVA

Redni

broj Opis pozicije Jed. mjere| Koli¢ina

A. PRIPREMNI | ZEMLJANI RADOVI

1 [Transport opreme i materijala, priprema i
organizacija gradiliSta i postavljanje potrebnih pausalno 1.00
instalacija za izvodenje radova.

2 |Ciséenje terena, geodetsko snimanje i

obiliezavanje terena i izrada pristupnih puteva. pausalno 1.00

3 |Iskop za zidove u stijenskoj masi Il i 11l kategorije
sa odvozom na lokalnu deponiju do 5000m m3 534.22
udaljenosti.

4 |Ru8enje postojeceg kanala i odvoz materijala na

deponiju do 5000m. m 6.80

5 |lzrada nasipa od Sljunkovito-pjeskovitog
materijala maksimalne veliCine zrna 60mm. Nasip
se zbija do modula stisljivosti Ms=30MPa.(Nasip
2)

m3 282.07

6 [|lzrada nasipa od Sljunkovito-pjeskovitog
materijala maksimalne veli€ine zrna 200mm.
Nasip se zbija do modula stisljivosti
Ms=20MPa.(Nasip 1)

m3 96.63

B. BETONSKI RADOVI

7 |Podlozni sloj C16/20 XC1, d=10cm ispod temelja
potpornog zida. Radovi obuhvataju proizvodnju, m3 21.20
transport i ugradnju betona C16/20 XC1.

8 |AB temelj potpornog zida C25/30 XC4. Radovi
obuhvataju proizvodnju, transport i ugradnju m3 92.15
betona C25/30 XC4, u obostranoj oplati.

9 |AB tijelo potpornog zida C25/30 XC4. Radovi
obuhvataju proizvodnju, transport i ugradnju m3 60.98
betona C25/30 XC4, u obostranoj oplati.

10 |lzrada dijela kanala koji se rekonstruiSe. Radovi
obuhvataju proizvodnju, transport i ugradnju
betona C37/40 XC4, u jednostranoj oplati kao i
armaturu Q335

m 6.80

C. ARMIRACKI RADOVI

11 |Nabavka, transport, sije¢enje prema specifikaciji,
formiranje armaturnih ko$eva i postavljanje u kg 6,772.59
projektovani polozaj rebraste armature B500B.

D. OSTALI RADOVI

12 |lzrada barbakana pre¢nika 100mm. | m | 2364

Podgorica, mart 2024.god. Sracunao:
— Z ,

Dr Zvonko Tomanovic¢,dipl.ing.grad.



2. NUMERICKA DOKUMENTACIJA
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2.1. STATICKI PRORACUN

Proraéun betonskog AB zida

Stati¢ki proracun je sproveden primjenom koncepta aktivnih pritisaka tla, kao
optereCenja i usvajanje dimenzija temelja koje obezbjeduju dozvoljene pritiske u
temeljnoj spojnici i obezbjeduju faktore sigurnosti na prevrtanje i klizanje prema ECY7.

Proracun je proveden primjenom softvera GEOS po EC7 i EC8 (i drugim dijelovima
EC vezanim za dimenzionishaje betonskog presjeka).

Zbog dejstva seizmickih sila (V1I° MSC) obezbjedenje potrebnog faktora sigurnosti na
klizanje zida je uglavnom diktiralo usvajanje dimenzija zida.

Usvojeni parametri fiziCko-mehanickih svojstava za prirodnu geotehnic¢ku sredinu
Glacial:

- Zapreminska tezina y = 20.0 KN/m?
- Ugao unutradnjeg trenja ¢= 26°
- Kohezija c=7.0 MPa

dok su za za prirodnu geotehnicku sredinu Glacial:

- Zapreminska tezina y = 20.0 KN/m?
- Ugao unutradnjeg trenja o= 30°
- Kohezija c = 0.0 MPa

Iz prorauna se vidi da su zadovoljeni faktori sigurnosti prema EC 7.

Izvod iz proracuna je dat u prilogu koji slijedi (geometrija, mehaniCke karakteristike
materijala i sraCunati faktori sigurnosti).

Podgorica, Mart 2024.god. Sastavio:

Dr Zvonko Tomanovic, dipl.inz.grad.
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ZID1

Cantilever wall analysis
Input data

Date : 3/13/2024

Settings

Standard - safety factors

Materials and standards

Concrete structures : EN 1992-1-1 (EC2)
Coefficients EN 1992-1-1 : standard
Circle pile shear : simplified method

Wall analysis

Verification methodology : Safety factors (ASD)
Active earth pressure calculation: Coulomb
Passive earth pressure calculation : Caquot-Kerisel

Earthquake analysis : Mononobe-Okabe

Shape of earth wedge : Calculate as skew

Base key : The base key is considered as inclined footing bottom
Allowable eccentricity : 0.333

Safety factors
Permanent design situation

Safety factor for overturning : SF, = 1.50 [H]
Safety factor for sliding resistance : SFg = 1.50 []
Safety factor for bearing capacity : SFp = 1.50 []

Material of structure

Unit weight y = 23.00 kN/m3
Analysis of concrete structures carried out according to the standard EN 1992-1-1 (EC2).

Concrete: C 20/25

Cylinder compressive strength fy 20.00 MPa
Tensile strength fotm = 2.20 MPa
Elasticity modulus Ecm = 30000.00 MPa

Longitudinal reinforcement: B500B
Yield strength fy, = 500.00 MPa

Geometry of structure

Coordinate Depth

X [m] Z [m]

1 0.00 0.00
2 0.00 1.70
3 1.00 1.70
4 1.00 2.20
5 -0.60 2.20
6 -0.60 1.70
7 -0.40 1.70

1

[GEOS5 - Cantilever Wall (64 bit) | version 5.2024.29.0 | hardware key 10915/ 1 | GEOT DOO | Copyright © 2024 Fine spol. s r.o. All Rights Reserved | www.finesoftware.eu] 13



ZID1
No Coordinate Depth
X [m] Z [m]
8 -0.25 0.00
The origin [0,0] is located at the most upper right point of the wall.
Wall section area = 1.36 mZ2.
Name : Geometry \Stage -analysis:1-0
0.25
0.20 A\ 1.00 T
Basic soil parameters
c ]
No. Name Pattern o ef u A
[°] [kPa] [kN/m3] [KN/m3] [°]
1 Nasip e 2] 3000 0.0 20.00 1050  20.00
2 Glinovito-pjekovito tlo (= 2600  7.00 20.00 1050  20.00
Soil parameters to compute pressure at rest
T R K
No. Name Pattern ype. b v oc '
calculation [°] [-] [-] [—]
1 Nasip - cohesionless 30.00 - - -
2  Glinovito-pjekovito tlo - cohesive - 0.30 - -
Soil parameters
Nasip

2]
[GEOS - Cantilever Wall (64 bit) | version 5.2024.29.0 | hardware key 10915/ 1 | GEOT DOO | Copyright © 2024 Fine spol. s r.o. All Rights Reserved | www.finesoftware.eu]
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ZID1

Unit weight : y = 20.00 KN/m3
Stress-state : effective

Angle of internal friction: @g = 30.00°
Cohesion of soll : Cef = 0.00 kPa
Angle of friction struc.-soil : & = 20.00°

Soil : cohesionless
Saturated unit weight : Ysat = 20.50 KN/m3
Glinovito-pjekovito tlo

Unit weight : y = 20.00 KN/m3
Stress-state : effective

Angle of internal friction : @gf = 26.00 °
Cohesion of soll : Cef =  7.00 kPa
Angle of friction struc.-soil : & = 20.00°

Soil : cohesive

Poisson's ratio : v = 0.30
Saturated unit weight : Vsat = 20.50 kN/m3

Geological profile and assigned soils

No. Thickness of layer Depth Assigned soil Pattern
t [m] z [m]
1 1.70 0.00..1.70 Nasip
2 - 1.70 .. Glinovito-pjekovito tlo
Foundation

Type of foundation : soil from geological profile
Terrain profile

Terrain behind the structure is flat.
Water influence

Ground water table is located below the structure.
Input surface surcharges

Surcharge
new change

Mag.1l

No. [kN/m?]

Action

Mag.2
[kN/mZ2]

Ord.x
X [m]

Length

| [m]

Depth
z[m]

1 Yes variable 16.70

0.60

4.00

on terrain

Resistance on front face of the structure

Resistance on front face of the structure: at rest
Soil on front face of the structure - Nasip

Soil thickness in front of structure h = 0.50 m
Terrain surcharge f 0.40 kN/m2

Terrain in front of structure is flat.
Earthquake

0.1400
0.0200

Factor of horizontal acceleration Kp,
Factor of vertical acceleration K,

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

3]

[GEOS5 - Cantilever Wall (64 bit) | version 5.2024.29.0 | hardware key 10915/ 1 | GEOT DOO | Copyright © 2024 Fine spol. s r.o. All Rights Reserved | www.finesoftware.eu] 15



ZID1

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

Forces acting on construction

Name Fhor App.Pt. Fvert App.Pt. Design
[KN/m] z[m] [KN/m] x [m] coefficient

Weight - wall 0.00 -0.67 31.25 0.65 1.000
Earthq.- constr. 4.37 -0.67 -0.62 0.65 1.000
FF resistance -1.25 -0.17 0.00 0.00 1.000
Resistance on front face -0.10 -0.25 0.00 0.00 1.000
Weight - earth wedge 0.00 -1.08 17.31 0.94 1.000
Earthquake - soil wedge 2.42 -1.08 -0.35 0.94 1.000
Active pressure 12.51 -0.87 17.73 1.30 1.000
Earthg.- act.pressure 5.20 -1.47 8.63 1.02 1.000
Surch.1 - strip 5.94 -0.77 6.69 1.26 1.000

Verification of complete wall

Check for overturning stability
Resisting moment Mg = 76.15 kNm/m
Overturning moment Mgy, = 28.46 kNm/m

Safety factor = 2.68 > 1.50
Wall for overturning is SATISFACTORY

Check for slip
Resisting horizontal force Hyeg
Active horizontal force Hact

47.61 kN/m
29.09 kN/m

Safety factor = 1.64 > 1.50
Wall for slip is SATISFACTORY

Overall check - WALL is SATISFACTORY
Bearing capacity of foundation soil

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 17.01 80.65 29.09 0.131 68.18

Service load acting at the center of footing bottom

o Moment Norm. force Shear Force
" [kNm/m] [KN/m] [KN/m]
1 17.01 80.65 29.09

Spread footing verification
Input data

Settings

I 4]
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ZID1

Standard - safety factors

Materials and standards

Concrete structures : EN 1992-1-1 (EC2)

Coefficients EN 1992-1-1 : standard

Circle pile shear : simplified method

Settlement

Analysis method : Analysis using oedometric modulus
Restriction of influence zone : by percentage of Sigma,Or

Coeff. of restriction of influence zone : 10.0 [%]

Spread Footing

Verification methodology : Safety factors (ASD)
Analysis for drained conditions : Standard approach
Analysis of uplift : Standard

Allowable eccentricity : 0.333

Safety factors
Permanent design situation
Safety factor for vertical bearing capacity : SF, = 1.50 []

Safety factor for sliding resistance : SFy = 1.50 []

Basic soil parameters

c
No. Name Pattern LE ef u e °
[°] [kPa] [KN/m3] [kN/m3] [°]
1 Nasip e 2] 3000  0.00 20.00 1050  20.00
2  Glinovito-pjekovito tlo 26.00 7.00 20.00 10.50 20.00
Soil parameters to compute pressure at rest
K
No. Name Pattern Type_ L v OCR '
calculation [°] [-] [-] [-]

1 Nasip - cohesionless 30.00 - - -

2  Glinovito-pjekovito tlo cohesive - 0.30 - -

Soil parameters

Nasip

Unit weight : y = 20.00 kN/m3
Angle of internal friction : ¢¢f = 30.00 °
Cohesion of soil : Cef = 0.00 kPa
Oedometric modulus: Egeq = 80.00 MPa
Saturated unit weight :  yggt = 20.50 kN/m3
Glinovito-pjekovito tlo

Unit weight : y = 20.00 kN/m3
Angle of internal friction : ¢gf = 26.00 °

I 5|
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ZID1

Cohesion of soil : Cef =

Foundation
Foundation type: strip footing

7.00 kPa
Oedometric modulus :  Egeq = 80.00 MPa
Saturated unit weight :  ysgt = 20.50 kN/m3

Depth from original ground surface h, = 2.20 m
Depth of footing bottom d =050m
Foundation thickness t =050 m
Incl. of finished grade s; = 0.00 °
Incl. of footing bottom s, = 0.00 °
Overburden

Type: input unit weight

Unit weight of soil above foundation = 20.00 kN/m3

Geometry of structure

Foundation type: strip footing
Overall strip footing length

Strip footing width (x)

Column width in the direction of x

10.00 m
1.60 m
0.10 m

Inserted loading is considered per unit length of continuous footing span.

Volume of strip footing = 0.80 m3/m
Volume of excavation = 0.80 m3/m
Volume of fill = 0.00 m3/m

Material of structure
Unit weight y = 23.00 kN/m3

Analysis of concrete structures carried out according to the standard EN 1992-1-1 (EC2).

Concrete: C 20/25

Cylinder compressive strength foe =
Tensile strength fotm =
Elasticity modulus Ecm =

Longitudinal reinforcement: B500B
Yield strength fyx = 500.00 MPa

Transverse reinforcement: B500B
Yield strength fy, = 500.00 MPa

Geological profile and assigned soils

20.00 MPa
2.20 MPa
30000.00 MPa

No. Thickness of layer Depth Assigned soil Pattern
t[m] z [m]
1 1.70 0.00..1.70 Nasip
2 - 1.70 .. Glinovito-pjekovito tlo
Load

[GEOS - Cantilever Wall (64 bit) | version 5.2024.29.0 | hardware key 10915/ 1 | GEOT DOO | Copyright © 2024 Fine spol. s r.o. All Rights Reserved | www.finesoftware.eu]
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ZID1

Load N My Hy
No. Name Type
new change [KN/m] [KNm/m] [KN/m]

1 Yes LC1 Design 62.20 2.46 -29.09

2 Yes LC 2 Service 62.20 2.46 -29.09
Global settings
Type of analysis : analysis for drained conditions
Settings of the stage of construction
Design situation : permanent
Verification No. 1
Load case verification

e e o R Utilization .
Name X J d Is satisfactory
[m] [m] [kPa] [kPa] [%]

LC1 -0.21 0.00 68.18 160.32 63.79 Yes
Analysis carried out with automatic selection of the most unfavourable load cases.
Computed self weight of strip foundation G = 18.45 kN/m
Computed weight of overburden Z = 0.00 kN/m
Vertical bearing capacity check
Shape of contact stress : rectangle
Most unfavorable load case No. 1. (LC 1)
Parameters of slip surface below foundation:
Depth of slip surface zgp = 2.23 m
Length of slip surface Is, = 6.33 m
Design bearing capacity of found. soil Ry = 160.32 kPa
Extreme contact stress 0 = 68.18 kPa
Factor of safety = 2.35 > 1.50
Bearing capacity in the vertical direction is SATISFACTORY
Verification of load eccentricity
Max. eccentricity in direction of base length e, = 0.131<0.333
Max. eccentricity in direction of base width e, = 0.000<0.333
Max. overall eccentricity e = 0.131<0.333
Eccentricity of load is SATISFACTORY
Horizontal bearing capacity check
Most unfavorable load case No. 1. (LC 1)
Earth resistance: not considered
Horizontal bearing capacity Rqn, = 47.61 kN
Extreme horizontal force H = 29.09 kN
Factor of safety = 1.64 > 1.50
Bearing capacity in the horizontal direction is SATISFACTORY
Bearing capacity of foundation is SATISFACTORY
I 7]
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ZID1

Verification No. 1

Settlement and rotation of foundation - input data

Analysis carried out with automatic selection of the most unfavourable load cases.
Analysis carried out with accounting for coefficient k; (influence of foundation depth).

Stress at the footing bottom considered from the finished grade.
Computed self weight of strip foundation G = 18.45 kN/m
Computed weight of overburden Z = 0.00 KN/m

Settlement of mid point of longitudinal edge = 0.3 mm
Settlement of mid point of transverse edge 1 = 0.8 mm
Settlement of mid point of transverse edge 2 = 0.0 mm

(1-max.compressed edge; 2-min.compressed edge)
Settlement and rotation of foundation - results

Foundation stiffness:

Computed weighted average modulus of deformation Eges = 59.43 MPa
Foundation in the longitudinal direction is rigid (k=15.27)

Foundation in the direction of width is rigid (k=63.10)

Verification of load eccentricity

Max. eccentricity in direction of base length e, = 0.131<0.333
Max. eccentricity in direction of base width e, = 0.000<0.333
Max. overall eccentricity e; = 0.131<0.333

Eccentricity of load is SATISFACTORY

Overall settlement and rotation of foundation:
Foundation settlement 0.6 mm
Depth of influence zone = 2.65 m

Rotation in direction of width = 0.481 (tan*1000); (2.8E-02 °)

Dimensioning No. 1

Analysis carried out with automatic selection of the most unfavourable load cases.
Verification of longitudinal reinforcement of foundation in the direction of x

4 prof. 14.0 mm, cover 40.0 mm

Cross-section width = 1.00 m

Cross-section depth = 0.50 m

Reinforcement ratio p = 014% > 013 % = Pmin
Position of neutral axis x = 003m < 028 mM = Xmax
Ultimate moment MRrd = 118.59 kNm > 16.91 kNm = Mggq
Cross-section is SATISFACTORY.

Spread footing for punching shear failure check

Column normal force = 62.20 kN

Maximum resistance at the column perimeter

Force transferred into found. soll = 3.88 kN
Force transferred by shear strength of foundation = 58.32 kN
Considered column perimeter Up = 2.00m
Shear resistance at the column perimeter VEdmax = 0.09 MPa
Resistance at the column perimeter VRdmax = 2.94 MPa

Critical section without shear reinforcement
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Force transferred into found. soil

Force transferred by shear strength of foundation

Distance of section from the column

Section perimeter u
Shear stress at section VEd

Shear resistance of section without shear reinforcement viq

VEd < VRd.c => Reinforcement is not required

Spread footing for punching shear is SATISFACTORY
Dimensioning No. 1

Wall stem check - back reinf.

Forces acting on construction

,C

30.22 kN
31.98 kN
0.34 m
2.00 m
0.04 MPa

0.90 MPa

Name Fhor
[kN/m]

Apppt Fvert
z[m] [KN/m]

App.Pt.
X [m]

Design
coefficient

Weight - wall 0.00
Earthq.- constr. 1.79
Pressure at rest 14.43
Earthquake - pressure at rest 7.92

Surch.1 - strip 12.93

-0.78 12.78
-0.78 -0.26
-0.57 0.00
-0.85 0.00
-0.78 0.00

0.24
0.24
0.40
0.40
0.40

1.000
1.000
1.000

1.00
1.00

0
0

Wall stem check - back reinf.

Wall check at the construction joint 1.70 m from the wall crest

Reinforcement and dimensions of the cross-section

5 prof. 14.0 mm, cover 40.0 mm

Cross-section width
Cross-section height
Reinforcement ratio o]
Position of neutral axis x
Ultimate shear force  VRq
Ultimate moment Mrgq = 115.41 kNm > 25.90 kNm =

769.7 mm2
464.7 mma2
1.00 m
0.40 m
022% > 0.13 %
003m < 022 m
129.30 kN > 37.07 kN

Inputted reinforcement area
Required reinforcement area

Cross-section is SATISFACTORY.

Wall heel check

Forces acting on construction

[KN/m] Z

Name Fhor App.Pt.

[m]

l:vert
[kN/m]

App.Pt.
x [m]

Design
coefficient

Weight - wall 0.00
Weight - earth wedge 0.00
Active pressure 12.51
Surch.1 - strip 5.94

Contact stress 0.00

-0.25
-1.08
-0.87
-0.77

0.00

11.50
17.31
17.73
6.69
-35.33

1.10
0.94
1.30
1.26
0.99

1.000
1.000
1.000
1.000
1.000

Wall heel check

Reinforcement and dimensions of the cross-section
5 prof. 14.0 mm, cover 40.0 mm

of
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Inputted reinforcement area = 769.7 mm?2
Required reinforcement area = 588.9 mm?2
Cross-section width = 1.00 m
Cross-section height = 050 m
Reinforcement ratio p = 017 %
Position of neutral axis x = 0.03m
Ultimate shear force  Vrq = 152.26 kN
Ultimate moment MRrg = 147.40 kNm

Cross-section is SATISFACTORY.

Slope s

tability analysis

Input data (Construction stage 1)

> 013 % = Pmin
< 028m
> 17.91 kN
> 25.90 kNm = Mgq

non
)
s g

Project
Settings
Standard - safety factors
Stability analysis
Verification methodology : Safety factors (ASD)
Earthquake analysis : Standard
Safety factors
Permanent design situation
Safety factor : SFg = 1.50 [H]
Interface
No. Interface location Coordinates of interface points [m]
X z X z X z
1 JI -10.00 -1.70 -0.60 -1.70 -0.40 -1.70
c. o -0.25 0.00 0.00 0.00 10.00 0.00
2 LL 0.00 0.00 0.00 -1.70 1.00 -1.70
3 J| -10.00 -2.20 -0.60 -2.20 -0.60 -1.70
10|
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Coordinates of interface points [m]

No. Interface location
X z X z X z
4 “ -0.60 -2.20 1.00 -2.20 1.00 -1.70
—— 10.00 -1.70
Soil parameters - effective stress state
c
No. Name Pattern v ef \/
[°] [kPa] [kN/m3]
1 Nasip 30.00 0.00 20.00
2 Glinovito-pjekovito tlo N 26.00 7.00 20.00
Soil parameters - uplift
n
No. Name Pattern Ve U
[kN/m3] [KN/m3] [-]
2  Glinovito-pjekovito tlo : 20.50
Soil parameters
Nasip
Unit weight : y = 20.00 kN/m3
Stress-state : effective
Shear strength : Mohr-Coulomb
Angle of internal friction : @ = 30.00 °
Cohesion of soil : Cef = 0.00 kPa
Saturated unit weight 1 yggt = 20.50 kN/m3
Glinovito-pjekovito tlo
Unit weight : y = 20.00 kN/m3
Stress-state : effective
Shear strength : Mohr-Coulomb
Angle of internal friction : @ef = 26.00 °
Cohesion of soil : Cef =  7.00 kPa
Saturated unit weight :  ygat = 20.50 kN/m3
Rigid Bodies
I 11]
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No. Name Sample Y
[kN/m3]
1 Material of structure - 23.00
Assigning and surfaces
Coordinates of surface points [m Assigned
No. Surface position I . - (ml |g.
X z X z soil
1 ” 10.00 -1.70 10.00 0.00 Nasi
/by 0.00  0.00 000 -1.70 P
1.00 -1.70
2 |l 1.00 -2.20 1.00 "L.70 Material of structure
ke 3 0.00 -1.70 0.00 0.00
-0.25 0.00 -0.40 -1.70
050 70 060 220 -
3 -0.60 -2.20 -0.60 -1.70 .
A 1000 -1.70 -10.00  -2.20 Nasip
4 1.00 -1.70 1.00 -2.20 . .
1“_‘» -0.60 220 -10.00 220 Glinovito-pjekovito tlo
-10.00 -7.20 10.00 -7.20
10.00 -1.70
Surcharge
N - - ¢ acti Location Origin Length Width Slope Magnitude
. ion | ‘
0.1 ype | Tlypeotactio 2 [m] X [m] Ifm]  b[m] a[] 9.dufF.x d2z unit
1 strip variable on terrain x=0.60 1=4.00 0.00 16.70 kN/m2
2 strip permanent on terrain x=-10.00 1=9.40 0.00 0.40 kN/m2

Water
Water type . No water

Tensile crack
Tensile crack not input.

Earthquake
Horizontal seismic coefficient : Ky, = 0.1400

I 12|
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Vertical seismic coefficient: K, = 0.0200

Settings of the stage of construction
Design situation : permanent

Results (Construction stage 1)

Analysis 1
Circular slip surface

Slip surface parameters

X = -0.42 [m] o1 = -34.99 [°]
Center : Angles :

z= 1.70 [m] ap = 65.82 [°]
Radius : R= 4.15 [m] |

The slip surface after optimization.

Total weight of soil above the slip surface: 158.08 kN/m
Slope stability verification (Bishop)

Sum of active forces: Fz= 84.26 kN/m

Sum of passive forces : Fp = 132.05 kN/m

Sliding moment : Mg = 349.68 kKNm/m
Resisting moment : Mp = 547.99 kNm/m
Factor of safety = 1.57 > 1.50

Slope stability ACCEPTABLE

13|
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Cantilever wall analysis
Input data

Date : 3/13/2024

Settings

Standard - safety factors

Materials and standards

Concrete structures : EN 1992-1-1 (EC2)
Coefficients EN 1992-1-1 : standard
Circle pile shear : simplified method

Wall analysis

Verification methodology : Safety factors (ASD)
Active earth pressure calculation: Coulomb
Passive earth pressure calculation : Caquot-Kerisel

Earthquake analysis : Mononobe-Okabe

Shape of earth wedge : Calculate as skew

Base key : The base key is considered as inclined footing bottom
Allowable eccentricity : 0.333

Safety factors
Permanent design situation

Safety factor for overturning : SF, = 1.50 [H]
Safety factor for sliding resistance : SFg = 1.50 []
Safety factor for bearing capacity : SFp = 1.50 []

Material of structure

Unit weight y = 23.00 kN/m3
Analysis of concrete structures carried out according to the standard EN 1992-1-1 (EC2).

Concrete: C 20/25

Cylinder compressive strength fy 20.00 MPa
Tensile strength fotm = 2.20 MPa
Elasticity modulus Ecm = 30000.00 MPa

Longitudinal reinforcement: B500B
Yield strength fy, = 500.00 MPa

Geometry of structure

Coordinate Depth

X [m] Z [m]

1 0.00 0.00
2 0.00 1.30
3 0.80 1.30
4 0.80 1.80
5 -0.57 1.80
6 -0.57 1.30
7 -0.37 1.30

1
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No Coordinate Depth
" X [m] Z[m]
8 -0.25 0.00

The origin [0,0] is located at the most upper right point of the wall.
Wall section area = 1.09 m2,

Name : Geometry

‘Stage - analysis : 1-0

AOUUOC00N

OOUUOUONEODXGODUNODXOOLXNUUXNIONIONNGONOUXNOUXNCLXNIONIONNIONN0D

11.00:1

Basic soil parameters

c
No. Name Pattern L f \ | \ET o
[°] [kPa] [KN/m3] [KN/m3] [°]
1 Nasip e 2] 3000 0.0 20.00 1050  20.00
2 Glinovito-pjekovito tlo =7 2600  7.00 20.00 1050  20.00
Soil parameters to compute pressure at rest
T R K
No. Name Pattern ype. L v oc '
calculation [°] [-] [-] [=]
1 Nasip - cohesionless 30.00 - - -
2 Glinovito-pjekovito tlo (=7 cohesive . 030 g
Soil parameters
Nasip
Unit weight : y = 20.00 kN/m3
I 2]
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Stress-state : effective

Angle of internal friction: @ = 30.00°
Cohesion of sail : Cef = 0.00 kPa
Angle of friction struc.-soil : & = 20.00°

Soil : cohesionless
Saturated unit weight : Vsat = 20.50 kN/m3
Glinovito-pjekovito tlo

Unit weight : y = 20.00 kKN/m3
Stress-state : effective

Angle of internal friction : @ = 26.00°
Cohesion of soil : Cef = 7.00 kPa
Angle of friction struc.-soil : & = 20.00°

Soil : cohesive

Poisson's ratio : v = 0.30
Saturated unit weight : Ysat = 20.50 kN/m3

Geological profile and assigned soils

No. Thickness of layer Depth Assigned soil Pattern
t [m] z [m]
1 1.70 0.00..1.70 Nasip
2 - 1.70 .. Glinovito-pjekovito tlo
Foundation

Type of foundation : soil from geological profile
Terrain profile

Terrain behind the structure is flat.
Water influence

Ground water table is located below the structure.
Input surface surcharges

Surcharge : Mag.1 Mag.2 Ord.x Length Depth
No. Action
new change [kN/m2] [kN/m2] x [m] [ [m] z [m]
1 Yes variable 16.70 0.60 4.00 on terrain

3]
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Name : Surcharge Stage - analysis: 1-0

16.70

400

VLOUCGXNOODONXNCUXNEODUONXNEXNIODUODXTXUGIONXODXNUIXNIODXNODXNGIXUNGIXUNUIODXODXNGIXN0NS

Resistance on front face of the structure

Resistance on front face of the structure: at rest
Soil on front face of the structure - Nasip
Soil thickness in front of structure h = 0.50 m

Terrain surcharge f = 0.40 kN/m2
Terrain in front of structure is flat.

Earthquake

Factor of horizontal acceleration Ky, = 0.1400
Factor of vertical acceleration K, = 0.0200

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/soil friction angle : do not reduce

Verification No. 1

Forces acting on construction

Name Fhor App.Pt. Fvert App.Pt. Design
[KN/m] z [m] [KN/m] X [m] coefficient

Weight - wall 0.00 -0.57 24.98 0.58 1.000
Earthg.- constr. 3.50 -0.57 -0.50 0.58 1.000
FF resistance -1.25 -0.17 0.00 0.00 1.000
Resistance on front face -0.10 -0.25 0.00 0.00 1.000
Weight - earth wedge 0.00 -0.96 11.04 0.84 1.000
Earthquake - soil wedge 1.55 -0.96 -0.22 0.84 1.000

4]
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Name Fhor

[kN/m]

App.Pt.
z[m]

Fvert
[KN/m]

App.Pt.
X [m]

Design
coefficient

9.43
3.45
4.77

Active pressure
Earthq.- act.pressure
Surch.1 - strip

-0.66
-1.21
-0.62

11.14
5.65
5.02

1.15
0.93
1.13

1.000
1.000
1.000

Verification of complete wall

Check for overturning stability
Resisting moment  M;eg = 47.05 KNm/m
Overturning moment Mg, = 16.62 kNm/m

Safety factor =2.83 > 1.50
Wall for overturning is SATISFACTORY

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

35.31 kN/m
21.35 kN/m

Safety factor = 1.65 > 1.50
Wall for slip is SATISFACTORY

Overall check - WALL is SATISFACTORY

Name : Verification

‘Stage - analysis: 1-1

(OUGXUCOUCUNONCNXGONGHXCXOUNGOUGNGUOUEN

0.10.
—

125

Bearing capacity of foundation soil
Design load acting at the center of footing bottom

5|
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No Moment Norm. force Shear Force Eccentricity Stress
' [KNm/m] [kN/m] [KN/m] [-] [kPa]
1 8.63 57.10 21.35 0.110 53.57

Service load acting at the center of footing bottom

No Moment 'Norm. force Shear Force
" [kNm/m] [KN/m] [KN/m]
1 8.63 57.10 21.35

Dimensioning No. 1
Wall stem check - back reinf.

Forces acting on construction

Name Fhor App.Pt. Fvert App.Pt. Design
[KN/m] z[m] [KN/m] X [m] coefficient
Weight - wall 0.00 -0.61 9.23 0.21 1.000
Earthg.- constr. 1.29 -0.61 -0.18 0.21 1.000
Pressure at rest 8.43 -0.43 0.00 0.37 1.000
Earthquake - pressure at rest 4.63 -0.65 0.00 0.37 1.000
Surch.1 - strip 9.60 -0.58 0.00 0.37 1.000

Wall stem check - back reinf.

Wall check at the construction joint 1.30 m from the wall crest
Reinforcement and dimensions of the cross-section
5 prof. 14.0 mm, cover 40.0 mm

Inputted reinforcement area = 769.7 mmZ2

Required reinforcement area = 417.4 mm?2

Cross-section width = 1.00 m

Cross-section height = 037 m

Reinforcement ratio p = 024% > 013 % = Pmin

Position of neutral axis x = 0.03m < 020 m = Xmax

Ultimate shear force  Vrq = 120.28 kN > 23.95 kN = Vgq

Ultimate moment Mgrg = 103.25 KNm > 12.74 kKNm = Mgy

Cross-section is SATISFACTORY.

Wall heel check

Forces acting on construction

Name Fhor App.Pt. Fyert App.Pt. Design
[KN/m] z [m] [KN/m] X [m] coefficient

Weight - wall 0.00 -0.25 9.20 0.97 1.000

Weight - earth wedge 0.00 -0.96 11.04 0.84 1.000

Active pressure 9.43 -0.66 11.14 1.15 1.000

Surch.1 - strip 4.77 -0.62 5.02 1.13 1.000

Contact stress 0.00 0.00 -24.20 0.90 1.000

Wall heel check

Reinforcement and dimensions of the cross-section
5 prof. 14.0 mm, cover 40.0 mm
Inputted reinforcement area = 769.7 mmZ2

I 6|
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Required reinforcement area = 588.9 mm2

Cross-section width = 1.00 m

Cross-section height = 050m

Reinforcement ratio p = 017% > 013 % = Pmin
Position of neutralaxis x = 0.03m < 028 m = Xmax

Ultimate shear force  Vrq = 152.26 kN > 12.20 kN = Vgq
Ultimate moment MRrg = 147.40 KNm > 12.74 KNm = Mgq

Cross-section is SATISFACTORY.

Name : Dimensioning \Stage -analysis:1-1

0

i 0325/ kN |5 120121
i
1NNNNNNNNNMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMHMMNg%MM&%%MMMMMMMMMMMMMMMMM%M%&NMMkAAAAA.ui%NMMMM

9.23

4.63

- Fver 40.0mm

843

5 prof. 14.0mm.cger 40.0m

12.74 103.25

50.00 é 50.00

[kNm] [kN]

Slope stability analysis
Input data (Construction stage 1)
Project

Settings
Standard - safety factors

Stability analysis

Verification methodology : Safety factors (ASD)
Earthquake analysis : Standard

7|
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Safety factors
Permanent design situation
Safety factor : SFg = 1.50 []
Interface
: Coordinates of interface points [m]
No. Interface location
X z X z X z
1 -10.00 -1.30 -0.57 -1.30 -0.37  -1.30
— -0.25 0.00 0.00 0.00 10.00 0.00
2 T 0.00 0.00 0.00 -1.30 0.80 -1.30
3 i -10.00 -1.80 -0.57 -1.80 -0.57 -1.30
4 i—; -0.57 -1.80 0.80 -1.80 0.80 -1.70
0.80 -1.30 10.00 -1.30
5 M 0.80 -1.70 10.00 -1.70

8|
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Name : Interfaces Stage : 1

Soil parameters - effective stress state

©
No. Name Pattern e ef M
[°] [kPa] [KN/m3]
1 Nasip - 30.00 0.00 20.00
2 Glinovito-pjekovito tlo - 26.00 7.00 20.00
Soil parameters - uplift
Ysat Ys n
No. Name Pattern
[KN/m3] [kN/m3] [-]
1 Nasip 20.50
2 Glinovito-pjekovito tlo 20.50

Soil parameters

Nasip

Unit weight : y = 20.00 kN/m3
Stress-state : effective

Shear strength : Mohr-Coulomb
Angle of internal friction : ggf = 30.00 °
Cohesion of sall : Cef = 0.00 kPa
Saturated unit weight :  ysgt = 20.50 KN/m3
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Glinovito-pjekovito tlo

Unit weight : y = 20.00 kN/m3
Stress-state : effective
Shear strength : Mohr-Coulomb
Angle of internal friction : s = 26.00 °
Cohesion of soil : Cef = 7.00 kPa
Saturated unit weight :  ysat = 20.50 kKN/m3
Rigid Bodies
No. Name Sample u
[KN/m3]
1 Material of structure - 23.00
Assigning and surfaces
No. s SEEia Coordinates of surface points [m] Assng.ned
X z X z soil
1 i 10.00 -1.30 10.00 0.00 Nasi
= 0.00  0.00 000 -1.30 P
0.80 -1.30
2 I 10.00 -1.70 10.00 -1.30 Nasi
= 0.80  -1.30 080  -1.70 P
3 Al 0.80 -1.80 0.80 -1.70 Material of structure
A 0.80 -1.30 0.00 -1.30
0.00 0.00 -0.25 0.00
037 130 057 -130 -
-0.57 -1.80
4 [ -0.57 -1.80 -0.57 -1.30 .
I N
A5 1000 -130  -1000  -1.80 asip

10|
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No. e SEEE Coordinates of surface points [m] ASS|g_ned
X z X z soil
> ] 0.80 -1.70 0.80 -1.80 Glinovito-pjekovito tlo
= 057 -1.80  -1000 -1.80 Pl
-10.00 -6.80 10.00 -6.80 EEEEEREEEEEE
10.00  -1.70
Surcharge
. - -  acti Location Origin Length Width Slope Magnitude
0. e e of action .
yp yp z [m] X [m] Ifm]  b[m] «[] aqufF.x g2z unit
1 strip variable on terrain x=0.60 1=4.00 0.00 16.70 kN/m2
2 strip permanent on terrain x=-10.00 1=9.43 0.00 0.40 kN/m2

Water
Water type : No water

Tensile crack
Tensile crack not input.

Earthquake

Horizontal seismic coefficient : K, = 0.1400
Vertical seismic coefficient: K, = 0.0200

Settings of the stage of construction
Design situation : permanent

Results (Construction stage 1)

Analysis 1
Circular slip surface

Slip surface parameters

X = -0.32 [m] ap = -38.19 []
Center : Angles :

zZ= 1.27 [m] ap = 67.15 [°]
Radius : R= 3.27 [m] |

The slip surface after optimization.

Total weight of soil above the slip surface: 109.07 kN/m
Slope stability verification (Bishop)

Sum of active forces: Fz= 58.31 kN/m

Sum of passive forces : Fp= 95.11 kN/m

Sliding moment : Ma = 190.66 kKNm/m
Resisting moment : Mp = 311.00 kNm/m
Factor of safety = 1.63 > 1.50

Slope stability ACCEPTABLE

I 11]
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Cantilever wall analysis
Input data

Date : 3/13/2024

Settings

Standard - safety factors

Materials and standards

Concrete structures : EN 1992-1-1 (EC2)
Coefficients EN 1992-1-1 : standard
Circle pile shear : simplified method

Wall analysis

Verification methodology : Safety factors (ASD)
Active earth pressure calculation: Coulomb
Passive earth pressure calculation : Caquot-Kerisel

Earthquake analysis : Mononobe-Okabe

Shape of earth wedge : Calculate as skew

Base key : The base key is considered as inclined footing bottom
Allowable eccentricity : 0.333

Safety factors
Permanent design situation

Safety factor for overturning : SF, = 1.50 [H]
Safety factor for sliding resistance : SFg = 1.50 []
Safety factor for bearing capacity : SFp = 1.50 []

Material of structure

Unit weight y = 23.00 kN/m3
Analysis of concrete structures carried out according to the standard EN 1992-1-1 (EC2).

Concrete: C 20/25

Cylinder compressive strength fy 20.00 MPa
Tensile strength fotm = 2.20 MPa
Elasticity modulus Ecm = 30000.00 MPa

Longitudinal reinforcement: B500B
Yield strength fy, = 500.00 MPa

Geometry of structure

Coordinate Depth

X [m] Z [m]

1 0.00 0.00
2 0.00 2.20
3 1.30 2.20
4 1.30 2.70
5 -0.65 2.70
6 -0.65 2.20
7 -0.45 2.20

1
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N Coordinate Depth
X[m] Z[m]

8 -0.25 0.00

Name : Geometry

The origin [0,0] is located at the most upper right point of the wall.
Wall section area = 1.75 m2,

‘Stage - analysis : 1-0

0.25

11.00:1

Basic soil parameters

1.95

C
No. Name Pattern ] ef Y ‘ U .
] [kPa]  [KN/m3]  [KN/m3] ]
1 Nasip = o] 3000 0.0 20.00 1050  20.00
2 Glinovito-pjekovito tlo [ 26.00  7.00 20.00 1050  20.00
Soil parameters to compute pressure at rest
T R K
No. Name Pattern ype. ] v | oc !
calculation [°] [-] [-] [-]
1 Nasip

2  Glinovito-pjekovito tlo

cohesionless

30.00 -

cohesive - 0.30 - -
Soil parameters
Nasip
Unit weight : y = 20.00 kN/m3
I 2|
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Stress-state : effective

Angle of internal friction: @ = 30.00°
Cohesion of sail : Cef = 0.00 kPa
Angle of friction struc.-soil : & = 20.00°

Soil : cohesionless
Saturated unit weight : Vsat = 20.50 kN/m3
Glinovito-pjekovito tlo

Unit weight : y = 20.00 kKN/m3
Stress-state : effective

Angle of internal friction : @ = 26.00°
Cohesion of soil : Cef = 7.00 kPa
Angle of friction struc.-soil : & = 20.00°

Soil : cohesive

Poisson's ratio : v = 0.30
Saturated unit weight : Ysat = 20.50 kN/m3

Geological profile and assigned soils

No. Thickness of layer Depth Assigned soil Pattern
t [m] z[m]
1 1.70 0.00..1.70 Nasip
2 - 1.70 .. Glinovito-pjekovito tlo
Foundation

Type of foundation : soil from geological profile
Terrain profile

Terrain behind the structure is flat.
Water influence

Ground water table is located below the structure.
Input surface surcharges

Surcharge : Mag.1 Mag.2 Ord.x Length Depth
No. Action
new change [kN/m2] [kN/m2] x [m] [ [m] z [m]
1 Yes variable 16.70 0.60 4.00 on terrain

3]
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Name : Surcharge

Stage - analysis: 1-0

Resistance on front face of the structure

Resistance on front face of the structure: at rest
Soil on front face of the structure - Nasip
Soil thickness in front of structure h = 0.50 m

Terrain surcharge f = 0.40 kN/m2
Terrain in front of structure is flat.

Earthquake

Factor of horizontal acceleration Ky, = 0.1400
Factor of vertical acceleration K, = 0.0200

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/soil friction angle : do not reduce
Verification No. 1

Forces acting on construction

Name Fhor App.Pt. Fvert App.Pt. Design
[KN/m] z [m] [KN/m] X [m] coefficient

Weight - wall 0.00 -0.80 40.14 0.75 1.000
Earthg.- constr. 5.62 -0.80 -0.80 0.75 1.000
FF resistance -1.25 -0.17 0.00 0.00 1.000
Resistance on front face -0.10 -0.25 0.00 0.00 1.000
Weight - earth wedge 0.00 -1.24 28.73 1.08 1.000
Earthquake - soil wedge 4.02 -1.24 -0.57 1.08 1.000

4]
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Name Fhor App.Pt. Fvert App.Pt. Design
[KN/m] z [m] [kKN/m] X [m] coefficient
Active pressure 19.99 -1.02 27.48 1.52 1.000
Earthg.- act.pressure 7.92 -1.79 13.38 1.16 1.000
Surch.1 - strip 7.24 -0.99 8.79 1.46 1.000

Verification of complete wall

Check for overturning stability
Resisting moment  M;gg = 130.09 KNm/m
Overturning moment Mgy, 51.05 kNm/m

Safety factor = 2.55 > 1.50
Wall for overturning is SATISFACTORY

Check for slip

Resisting horizontal force Hyeg = 66.58 kN/m
Active horizontal force Hact = 43.45 kN/m

Safety factor = 1.53 > 1.50
Wall for slip is SATISFACTORY

Overall check - WALL is SATISFACTORY

Name : Verification

‘Stage - analysis: 1-1

15.55

28.73

33.98

4.06 11,

25—
]

270 40.14 2.

1.95

+z

Bearing capacity of foundation soil
Design load acting at the center of footing bottom

5|

[GEOS - Cantilever Wall (64 bit) | version 5.2024.29.0 | hardware key 10915/ 1 | GEOT DOO | Copyright © 2024 Fine spol. s r.o. All Rights Reserved | www.finesoftware.eu] 41




AB zid TIP 3

No Moment Norm. force Shear Force Eccentricity Stress
' [KNm/m] [KN/m] [KN/m] [-] [kPa]
1 35.17 117.14 43.45 0.154 86.80
Service load acting at the center of footing bottom
No Moment Norm. force Shear Force
" [KNm/m]  [KN/m] [KN/m]
1 35.17 117.14 43.45
Spread footing verification
Input data
Settings
Standard - safety factors
Materials and standards
Concrete structures : EN 1992-1-1 (EC2)
Coefficients EN 1992-1-1 : standard
Circle pile shear : simplified method
Settlement
Analysis method : Analysis using oedometric modulus
Restriction of influence zone : by percentage of Sigma,Or
Coeff. of restriction of influence zone : 10.0 [%]
Spread Footing
Verification methodology : Safety factors (ASD)
Analysis for drained conditions : Standard approach
Analysis of uplift : Standard
Allowable eccentricity : 0.333
Safety factors
Permanent design situation
Safety factor for vertical bearing capacity : SF, = 1.50 []
Safety factor for sliding resistance : SFy = 1.50 []
Basic soil parameters
c
No. Name Pattern i o u Lt °
[°] [kPa] [kN/m3] [kN/m3] []
1 Nasip e 2] 3000 0.0 20.00 1050  20.00
2  Glinovito-pjekovito tlo 26.00 7.00 20.00 10.50 20.00
Soil parameters to compute pressure at rest
T K
No. Name Pattern ype_ - v OCR '
calculation [°] [-] (-] (-]
1 Nasip - cohesionless 30.00 - - -

[GEOS - Cantilever Wall (64 bit) | version 5.2024.29.0 | hardware key 10915/ 1 | GEOT DOO | Copyright © 2024 Fine spol. s r.o. All Rights Reserved | www.finesoftware.eu] 42



AB zid TIP 3

K
No. Name Pattern Typel St v OCR '
calculation [°] [-] [-] [-]
2  Glinovito-pjekovito tlo cohesive 0.30 -

Soil parameters

Nasip

Unit weight : y = 20.00 kN/m3
Angle of internal friction : ¢¢f = 30.00 °
Cohesion of soll : Cef = 0.00 kPa
Oedometric modulus :  Egeq = 80.00 MPa
Saturated unit weight :  ysgt = 20.50 kN/m3
Glinovito-pjekovito tlo

Unit weight : y = 20.00 kN/m3
Angle of internal friction : ¢ = 26.00 °
Cohesion of soll : Cef =  7.00kPa
Oedometric modulus :  Egeq = 80.00 MPa

Saturated unit weight :

Foundation

Foundation type: strip footing
Depth from original ground surface h,

Depth of footing bottom d
Foundation thickness t
Incl. of finished grade S1
Incl. of footing bottom So
Overburden

Type: input unit weight
Unit weight of soil above foundation =
Geometry of structure

Foundation type: strip footing
Overall strip footing length

Strip footing width (x)

Column width in the direction of x

Vsat = 20.50 kN/m3

270 m
0.50 m
0.50 m
0.00 °

0.00 °

20.00 kN/m3

10.00 m
1.95 m
0.10 m

Inserted loading is considered per unit length of continuous footing span.

Volume of strip footing = 0.98 m3/m
Volume of excavation = 0.98 m3/m
Volume of fill = 0.00 m3/m

Material of structure
Unit weight y = 23.00 kN/m3

Analysis of concrete structures carried out according to the standard EN 1992-1-1 (EC2).

Concrete: C 20/25

Cylinder compressive strength f.,
Tensile strength fotm =
Elasticity modulus Ecm

Longitudinal reinforcement: B500B

20.00 MPa
2.20 MPa
30000.00 MPa

7|
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Yield strength fyx = 500.00 MPa

Transverse reinforcement: B500B
Yield strength fy, = 500.00 MPa

Geological profile and assigned soils

Thick fl Depth
No. [T TR = Assigned soil Pattern
t[m] z[m]
1 1.70 0.00..1.70 Nasip
2 - 1.70 .. Glinovito-pjekovito tlo
Load
M H
No. Load Name Type N i X
new change [KN/m] [KNm/m] [KN/m]
1 Yes LC1 Design 94.72 13.45 -43.45
2 Yes LC 2 Service 94.72 13.45 -43.45

Global settings

Type of analysis : analysis for drained conditions
Settings of the stage of construction

Design situation : permanent
Verification No. 1

Load case verification

ey ey o Ry Utilization .
Name Is satisfactory
[m] [m] [kPa] [kPa] [%]
LC1 -0.30 0.00 86.80 160.24 81.26 Yes

Analysis carried out with automatic selection of the most unfavourable load cases.
Computed self weight of strip foundation G = 22.42 kN/m
Computed weight of overburden Z 0.00 kN/m

Vertical bearing capacity check

Shape of contact stress : rectangle
Most unfavorable load case No. 1. (LC 1)

Parameters of slip surface below foundation:
Depth of slip surface zgp = 2.71 m
Length of slip surface Is, = 7.69 m

160.24 kPa
86.80 kPa

Design bearing capacity of found. soil Ry
Extreme contact stress o

Factor of safety = 1.85 > 1.50
Bearing capacity in the vertical direction is SATISFACTORY
Verification of load eccentricity

Max. eccentricity in direction of base length e, = 0.154<0.333
Max. eccentricity in direction of base width e, = 0.000<0.333

I 8|
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Max. overall eccentricity e; = 0.154<0.333

Eccentricity of load is SATISFACTORY
Horizontal bearing capacity check

Most unfavorable load case No. 1. (LC 1)
Earth resistance: not considered

66.58 kN
43.45 kN

Horizontal bearing capacity Rgh
Extreme horizontal force H

Factor of safety = 1.53 > 1.50
Bearing capacity in the horizontal direction is SATISFACTORY

Bearing capacity of foundation is SATISFACTORY
Verification No. 1

Settlement and rotation of foundation - input data
Analysis carried out with automatic selection of the most unfavourable load cases.

Analysis carried out with accounting for coefficient k; (influence of foundation depth).

Stress at the footing bottom considered from the finished grade.

Computed self weight of strip foundation G = 22.42 kN/m
Computed weight of overburden Z = 0.00 KN/m
Settlement of mid point of longitudinal edge = 0.5 mm
Settlement of mid point of transverse edge 1 = 1.3 mm
Settlement of mid point of transverse edge 2 = 0.0 mm

(1-max.compressed edge; 2-min.compressed edge)
Settlement and rotation of foundation - results

Foundation stiffness:

Computed weighted average modulus of deformation Eyes = 59.43 MPa
Foundation in the longitudinal direction is rigid (k=8.51)

Foundation in the direction of width is rigid (k=63.10)

Verification of load eccentricity

Max. eccentricity in direction of base length ey = 0.154<0.333
Max. eccentricity in direction of base width e, = 0.000<0.333
Max. overall eccentricity e; = 0.154<0.333

Eccentricity of load is SATISFACTORY

Overall settlement and rotation of foundation:
Foundation settlement = 0.9 mm
Depth of influence zone = 3.18 m

Rotation in direction of width = 0.660 (tan*1000); (3.8E-02 °)

Dimensioning No. 1

Analysis carried out with automatic selection of the most unfavourable load cases.
Verification of longitudinal reinforcement of foundation in the direction of x

5 prof. 14.0 mm, cover 40.0 mm
Cross-section width = 1.00 m
Cross-section depth = 0.50 m

of
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Reinforcement ratio p
Position of neutral axis x

0.17% > 0.13 % Pmin
0.03 m < 0.28 m = Xmax

Ultimate moment MRrg = 147.40 KNm > 33.91 kNm = Mgq

Cross-section is SATISFACTORY.

Spread footing for punching shear failure check

Column normal force = 94.72 kN

Maximum resistance at the column perimeter

Force transferred into found. soil = 4.86 kN

Force transferred by shear strength of foundation = 89.86 kN

Considered column perimeter Ug = 2.00 m

Shear resistance at the column perimeter VEdmax = 0.23 MPa

Resistance at the column perimeter VRdmax = 2.94 MPa

Critical section without shear reinforcement

Force transferred into found. soll = 48.86 kN

Force transferred by shear strength of foundation = 45.85 kN

Distance of section from the column = 045 m

Section perimeter u = 2.00 m

Shear stress at section Vg = 0.06 MPa

Shear resistance of section without shear reinforcement vgrqc = 0.67 MPa

VEd < VRdc => Reinforcement is not required

Spread footing for punching shear is SATISFACTORY

Dimensioning No. 1

Wall stem check - back reinf.

Forces acting on construction

Name Fhor App.Pt. Fvert App.Pt. Design
[KN/m] Z [m] [KN/m] X [m] coefficient

Weight - wall 0.00 -0.99 17.70 0.27 1.000

Earthg.- constr. 2.48 -0.99 -0.35 0.27 1.000

Pressure at rest 22.78 -0.76 0.00 0.45 1.000

Earthquake - pressure at rest 13.27 -1.10 0.00 0.45 1.000

Surch.1 - strip 16.51 -1.05 0.00 0.45 1.000

Wall stem check - back reinf.

Wall check at the construction joint 2.20 m from the wall crest

Reinforcement and dimensions of the cross-section

5 prof. 14.0 mm, cover 40.0 mm

Inputted reinforcement area = 769.7 mm?2

Required reinforcement area = 523.8 mm?2

Cross-section width = 1.00 m

Cross-section height = 045 m

Reinforcement ratio p = 019% > 013 % = Pmin

Position of neutral axis x = 0.083m < 025m = Xmax

Ultimate shear force Vrq = 140.34 kN > 55.03 kN = Vgq

Ultimate moment Mgrg = 130.63 KNm > 51.05 kNm = Mgq

Cross-section is SATISFACTORY.

I 10}
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Wall heel check

Forces acting on construction

Name Fhor App.Pt. Fyvert App.Pt. Design
[KN/m] z [m] [KN/m] X [m] coefficient
Weight - wall 0.00 -0.25 14.95 1.30 1.000
Weight - earth wedge 0.00 -1.24 28.73 1.08 1.000
Active pressure 19.99 -1.02 27.48 1.52 1.000
Surch.1 - strip 7.24 -0.99 8.79 1.46 1.000
Contact stress 0.00 0.00 -54.04 1.11 1.000

Wall heel check

Reinforcement and dimensions of the cross-section

5 prof. 14.0 mm, cover 40.0 mm

Inputted reinforcement area = 769.7 mm?2

Required reinforcement area = 588.9 mm?2

Cross-section width = 1.00 m

Cross-section height = 050m

Reinforcement ratio p = 017% > 013 % = Pmin
Position of neutralaxis x = 003 m < 028 m = Xmnax
Ultimate shear force  Vrq = 152.26 kN > 25.91 kN = Vgq
Ultimate moment Mgrg = 147.40 KNm > 51.05 kNm = Mgq

Cross-section is SATISFACTORY.

Name : Dimensioning

Stage - analysis: 1-1

XOOXOCOONCHOONONCXONKUXODOCNOKNXXDNXGNXNXNXOGUXXNNDUNNNUNN

5 prof

040

rof
\L 3398

1Anmmrnvsr40lmm i i

54.04
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Slope stability analysis
Input data (Construction stage 1)

Project

Settings

Standard - safety factors

Stability analysis

Verification methodology : Safety factors (ASD)

Earthquake analysis : Standard
Safety factors
Permanent design situation
Safety factor : SF¢ = 1.50 []
Interface
. Coordinates of interface points [m]
No. Interface location
X z X z X z
1 0.00 0.00 0.00 -1.70 10.00 -1.70
2 -10.00 -220 -0.65 -2.20 -0.45 -2.20
» -0.25 0.00 0.00 0.00 10.00 0.00
3 LL 0.00 -1.70 0.00 -2.20 1.30 -2.20
4 ﬂ -10.00 -270 -0.65 -2.70 -0.65 -2.20
5 /| -0.65 -2.70 1.30 -2.70 1.30 -2.20
= 10.00 -2.20
12|
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‘Stage : 1

Name : Interfaces

Soil parameters - effective stress state

c
No. Name Pattern L ef M
[°] [kPa] [kN/m3]
1 Nasip 30.00 0.00 20.00
2 Glinovito-pjekovito tlo 26.00 7.00 20.00
Soil parameters - uplift
No. Name Pattern LR i :
[KN/m3] [KN/m3] [-]
2 Glinovito-pjekovito tlo - 20.50
Soil parameters
Nasip
Unit weight : y = 20.00 kN/m3
Stress-state : effective
Shear strength : Mohr-Coulomb
Angle of internal friction : ggf = 30.00°
Cohesion of soil : Cef = 0.00 kPa
Saturated unit weight :  ysat = 20.50 KN/m3
I 13|
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Glinovito-pjekovito tlo

Unit weight : y = 20.00 kN/m3
Stress-state : effective

Shear strength : Mohr-Coulomb
Angle of internal friction : s = 26.00 °
Cohesion of soil : Cef = 7.00 kPa

Saturated unit weight :  ysat = 20.50 kKN/m3

Rigid Bodies
No. Name Sample U
[KN/m3]
1 Material of structure - 23.00
Assigning and surfaces
No. Suree asiion Coordinates of surface points [m] Assng.ned
X z X z soil
1 0.00 0.00 0.00 -1.70 Nasi
= 1000 -1.70 1000  0.00 P
2 / 10.00 -2.20 10.00 -1.70 Glinovito-iekovito tlo
= 000 -1.70 000  -2.20 b
h - _
3 1.30 270 1.30 220 Material of structure
] 0.00 -2.20 0.00 -1.70
0.00 0.00 -0.25 0.00
045 220 o5 220 -
-0.65 -2.70
4 | -0.65 -2.70 -0.65 -2.20 Nasi
4' -10.00 -2.20 -10.00 -2.70 P

14|
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No. T Coordinates of surface points [m] Assig_ned
X z X z soil
> /| 1.30 220 1.30 270 Glinovito-pjekovito tlo
i= 065 270  -1000  -2.70 Pl
-10.00 -7.70 10.00 170 e
10.00  -2.20
Surcharge
_ Location Origin Length Width Slope Magnitude
No. Type Type of action o :
z[m] x [m] | [m] b[m] a1 a,91,f,F,x 4022z unit
1 strip variable on terrain x=0.60 1=4.00 0.00 16.70 kN/m2
2 strip permanent on terrain x=-10.00 1=9.35 0.00 0.40 kN/m2

Water
Water type : No water

Tensile crack
Tensile crack not input.

Earthquake

Horizontal seismic coefficient : K, = 0.1400
Vertical seismic coefficient: K, = 0.0200

Settings of the stage of construction
Design situation : permanent

Results (Construction stage 1)

Analysis 1
Circular slip surface

Slip surface parameters

X = -0.58 [m] a; = -33.79 [7]
Center : Angles :

z= 2.03 [m] ap = 66.50 [°]
Radius : R= 5.09 [m] |

The slip surface after optimization.

Total weight of soil above the slip surface: 233.40 kN/m
Slope stability verification (Bishop)

Sum of active forces:  F5; = 122.46 kN/m

Sum of passive forces : Fp = 184.48 kN/m

Sliding moment : Mg = 623.30 kKNm/m
Resisting moment : Mp = 938.99 kNm/m
Factor of safety = 1.51 > 1.50

Slope stability ACCEPTABLE

I 15|

[GEOS - Cantilever Wall (64 bit) | version 5.2024.29.0 | hardware key 10915/ 1 | GEOT DOO | Copyright © 2024 Fine spol. s r.o. All Rights Reserved | www.finesoftware.eu] 51




2.2. Dokaznica mjera

Zid 1
ISKOP | NASIP
dio rastojanje iskop nasip 1 nasip 2
(m) A(m2) _ Jukupno (m3)| _A(m?) Jukupno (m3) [ukupno (m3)
1 22.09 3.90] 86.15 0.47] 10.38 2.26]
22.09 86.15 m? 10.38 m*
BETON
. isi Zi Ij zid
i T ——— visina || duzina teme
i : (m) (m) A(m?) _ [ukupno (m3)f [ukupno (m3)|
1 1-5 1.70 22.100 0.80 17.68
22.100 17.68 m*
BARBAKANE
tip kampada broj Ld (m) ukupno (m)
1 1-5 11 0.37 4.07
11 4.07 m




Zid 2

ISKOP | NASIP
dio rastojanje ( iskop nasip 1 nasip 2
(m) |__A@m? ukupno (m3)|[ A (m?)  |ukupno (m3)]| A (m? [ukupno (m3)
1(5-) 9.63] 3.00 28.89 0.45 4.33 1.50 14.45
2 (oko sahta) 13.20 8.40 110.88 2.60 34.32 3.70 48.84
3 (posle 6-prije 7) 7.82 3.00 23.46 0.45 3.52 1.50 11.73
4 (7-8) 9.40 6.90 64.86 1.20 11.28 3.90 36.66
5 (8-9) 6.60 5.80 38.28 0.30 1.98 3.95 26.07
6 (9-10) 10.70 3.00 32.10 0.45 4.82 1.50 16.05
7(10-15) 8.00 2.80 22.40| 0.40 3.20 1.70 13.60
8 (14-15) 8.00 3.40 27.20| 0.55 4.40 1.75 14.00
9 (13-14) 10.00 3.45 34.50|f 0.70 7.00 1.75 17.50
10(12-13) 10.00 3.40 34.00|f 0.60 6.00 1.75 17.50
11(11-12) 9.00 3.50 31.50|| 0.60 5.40 1.75 15.75
102.35 448.07 m3 86.25 m3 232.15 m?
BETON
. -, visina duzina temelj zid podlozni sloj [
(m) (m) A (m?) ukupno (m3) A (m?) ukupno (m?3) A (m?) ukupno (m3)]|
1 1-3,8-9,14-27 1.30 73.500 0.70 51.45 0.42 30.87 0.18 13.23)f
2 4-7 1.42 12.500 0.60 7.50 0.45 5.63 0.16 2.00||
3 10-13 2.20 16.000 0.97 15.52 0.77 12.32 0.24 3.76||
102.000 74.47 m3 48.82 m3 18.99
BARBAKANE
tip kampada broj Ld (m) |l ukupno (m) ||
1 1-3,8-9,14-27 37 0.37f 13.69|
2 4-7 7 0.36 2.52
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Sipke - specifikacija

ozn. oblik i mere (%] lg n Ign
[cm] [m] [kom] m]
ZID 1 (1 kom)
[Tel
1 o 14 2.36 110 259.60
\4
T
3 207
152
2 ~ N 14 2.36 96 226.56
< <
147
3 0 10 14 2.17 96 208.32
™ o
4 396 10 3.96 16 63.36
5 445 10 4.45 7 31.15
6 276 10 2.76 16 44.16
7 324 10 3.24 7 22.68
N N
< <
8 14 *2.37 4x3 28.44
a
4x:
1. a=154, 153, 152
0 w0
o o™
9 14 *2.18 4x3 26.12
a
4x:
1. a=149, 147, 147
a
10 2x: 10 *4.00 2x7 56.04
a=416-385da=-5.2
11 385 10 3.85 1 3.85
12 416 10 4.16 1 4.16
13 ¥ 10 4.45 7 31.15
_13
397 44
N N
< <
14 14 *2.40 2x5 24.00
a
2x:
1. a=162, 158, 155, 153, 152
0 Yol
(3] o™
15 14 *2.21 2x5 22.08
a
2x:
1. a=157, 153, 149, 148, 147
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Sipke - specifikacija

ozn. oblik i mere (%] lg n Ign
[em] [m] [kom] [m]

a
16 4x: 10 *3.30 4x7 92.40
a=378-282da=-16.1

17 282 10 2.82 2 5.64
18 378 10 3.78 2 7.56
19 ¥ 10 3.65 14 51.10
&
317 33
a
20 2x: 10 *4.84 2x7 67.74

a=468-500da=5.2

21 468 10 4.68 1 4.68
22 500 10 5.00 1 5.00
23 478 10 4.78 7 33.46
ZID 2 (1 kom)
n
1 o 14 1.96 370 725.20
g
L
3 167
132
2 N N 14 2.16 335 723.60
< <
127
3 10 0 14 1.97 335 659.95
[eo} ™
4 396 10 3.96 196 776.16
5 445 10 4.45 84 373.80
6 496 10 4.96 14 69.44
7 545 10 5.45 6 32.70
a
N N
< <
8 14 *2.27 2x5 22.66
2x:

1. a=162, 147,138, 134,132

a
n 0
o™ ™
9 14 *2.07 2x5 20.72
2x:
1. a=155, 142,133, 129, 127
a
10 2x: 10 *4.04 2x6 48.48
a=459-349da=-21.9
11 349 10 3.49 1 3.49
12 459 10 4.59 1 4.59
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Sipke - specifikacija
ozn. oblik i mere (%] lg n Ign
[cm] [m] [kom] [m]
13 ¥ 10 4.41 6 26.46
5
393 7
a
14 2x: 10 *2.92 2x6 35.04
a=347-237da=-21.9
15 237 10 2.37 1 2.37
16 347 10 3.47 1 3.47
17 334 10 3.34 6 20.04
a
18 g g 14 *2.04 1x4 8.14
1. a=127-112da=-5.2
a
19 & 0 14 *1.84 1x4 7.38
1. a=122-107da=-5.2
20 378 10 3.78 11 4158
290 82
RN
&
21 10 3.75 3 11.25
22 ¥ 10 4.90 6 29.40
_g
442 14
o o
< <
23 14 *2.05 1x5 10.25
a
1. a=112-130da=4.7
n n
o™ ™
24 14 *1.86 1x5 9.29
a
1. a=106-125da=4.7
25 160 10 1.60 11 17.60
44
26 10 1.62 3 4.86
3L
75 85
182 12
Bk
o
27 10 2.30 6 13.80
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Sipke - specifikacija
ozn. oblik i mere (%] lg n Ign
[em] [m] [kom] m]
185
[2]
31 9 14 3.34 64 213.76
40
112
32 ~ ~ 14 1.96 56 109.76
< <
a
33 2x: 10 *2.94 2x5 29.38
a=253-335da=205
N N
< <
34 14 *2.05 4x5 40.96
a
4x:
1. a=137,125, 117,113, 112
35 253 10 2.53 1 2.53
36 335 10 3.35 1 3.35
255 46
18
&
37 10 3.03 6 18.18
a
38 2x: 10 *3.27 2x5 32.70
a=288-366 da=19.3
39 288 10 2.88 7 20.16
40 366 10 3.66 1 3.66
a
41 4x: 10 *3.86 4x5 77.20
a =424, 405, 386, 367, 348
42 349 10 3.49 2 6.98
43 423 10 4.23 2 8.46
44 ¥ 10 4.03 12 48.36
1%
355 5
&
51 14 2.86 80 228.80
N
3 257
187
52 N N 14 2.71 80 216.80
< <
182
53 ) o) 14 2.52 80 201.60
(32 ™
54 396 10 3.96 81 320.76
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Sipke - specifikacija
ozn. oblik i mere (%] lg n Ign
[cm] [m] [kom] m]
55 445 10 4.45 27 120.15
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Sipke - rekapitulacija

(%] Ign Jedini¢na tezina Tezina
[mm] [m] (kg/m’] [ka]
RA1
10 2730.53 0.65 1772.11
14 3993.99 1.25 5000.48
Ukupno 6772.59
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ZID 2
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