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T.1. SPLOSNO

Narocnik geolosko geotehni¢nega porocila Zeli na lokalni cesti LC 490261 od km 0+690 do km 1+440,
pridobiti informacije o pogojih za sanacijo ceste.

Osnova za izdelavo tega porocila je terenski pregled obmocdja, predhodne raziskave na obravnavanem
obmocdju in izvedene terenske meritve ter interpretacija pridobljenih podatkov.

T.1.1. Lokacija in opis

Cestni odsek se nahaja na lokalni cesti LC 490261 od km 0+690 do km 1+440. Celotna trasa je po neurju
4.8.2023 v slabem stanju. Vozisc¢e je mocno razpokano, robovi cest so nalomljeni in posedeni. Cestni
elementi za odvodnjavanje so uniceni. Na stacionaZi od km 1,0+59 do km 1,0+75 je plaz unicil del ceste.
Zgornji odlomni rob plazu poteka po vozis¢ni konstrukciji v dolzini 16 m. Zemljina leze v smeri
neimenovanega vodotoka, ki tece 20m pod cesto.
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Slika 2 — fotografija splazene breZine pod odlomom na cesti
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T.2. OSNOVE ZA PROJEKTIRANIJE

T.2.1. Geoloske osnove

Na obravnavanem obmocju nahajamo plasti ladinijske stopnje. Te plasti leZze normalno na anizijskih
skladih.

Na Dobroveljski planoti in pri Zovneku blizu Braslové nahajamo mo¢no silificirane zelenkaste tufe, ki
se menjavajo s pogostnimi plastmi roZzenca, vmes pa dobimo $e ¢rne ploscaste apnence in
kalkarenite. Te plasti je Teller (1898c) izdvojil na geoloski karti kot skrilavce in pe$¢enjake Senturske
gore in Dobrovelj.

(tolmac za list Celje, L 33 — 67, Beograd 1979)

[T22] - Apnenec in dolomit z roZenci, lapor, skrilavec, tuf in tufit -
[P1,Q] - Glina, podrejeno kisli prod in pesek PIQ

Sl/ka 3 —izsek iz geoloske karte (list:Celje)
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T.2.2. Seizmicnost terena
Podatke o seizmicnosti terena smo povzeli po karti »POTRESNA NEVARNOST SLOVENIJE — PROJEKTNI
POSPESEK TAL« za povratno dobo 475 let.

Projektni pospesek tal: 0,2¢g

A — Skala ali druga skali podobna
geoloska formacija, na kateri je najvec
5 m slabsega povrsinskega materiala.

itz |

(. A G P Ba e 5] \L_ [ ey &
TRESNA NEVARNOST SLOVENIJE - P
- o H ; ‘ /

| 0,100 0.125 0,150 0.175 0,200 0,225 0.250 0275 0,300 0.325 [g]

| Velitina na kan: projekini pospese ta [g]
Povratnadoba: 475 let

Verlenost prekoraditve vradnost na karti 10 % v 50 lefin
- | vrstatal: truna tia tp tal A pa ECB)

= 1o

Kraje na mei 5 K
projekinega pospeska tal.

B.
P Zupandic, M. ZWEE, J. Atanackow. P. Jamsek Rupnik, M. Carman,
V. Kastelic, A. Gosar)

Leto izdelave: 2021
@ Minisirstvo za okolie in presicr, Agencia Republike Siovene 2a okolje

ground
Retum paciod 475 years
EC8 ground type: A rock or firm o)

T.2.3. Zmrzlinska cona

Podatke o zmrzlinskih conah smo povzeli po TSC 6.512:2003 iz priloge 1: Karta informativnih globin
prodiranja mraza hm na podrocju Republike Slovenije.

Globina prodiranja mraza hy =100 cm.
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KARTA
informativnih globin prodiranja mraza hm
na podroéju Republike Slovenije
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Slika 5 - Karta informativnih globin prodiranja mraza hp,

T.3. TERENSKE PREISKAVE

T.3.1. Splosno

Geolosko sestavo in mehanske lastnosti smo ugotavljali z meritvami z dinami¢nim penetrometrom
PR.13 (DPSH — dynamic penetrometer super heavy). Aparature in postopek merjenja sta skladna s
standardom (DIN) EN ISO 22476-2. Izvedba penetracijskega sondiranja nam omogoca pridobiti
informacije o geotehni¢nih karakteristikah zemljine kakor o globinah posameznih slojev.

Preiskave s stati¢nim konusnim penetrometrom so bile izvedene z opremo, ki je skladna z standardi
SIST EN 1997-2:2007 ter EN ISO 22476~ 1:2005.

korelacija
od globine
do globine
nedrenirana strizna trdnost Terzaghi-Peck
Qc (CPT odpor konice) Robertson (1983)

Oedometri¢ni modul elast. Eed Trofimenkov (1974), Mitchell e Gardner

Youngov modul elasti¢nosti Ey Apollonia
specifi¢na teza Meyerhof
hitrost striznega valovanja Ohta & Goto (1978) Low plasticity clays and silty clays
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enota DPSH 1 DPSH 2 DPSH 3 DPSH 4

od globine m 0.4 3.0 0.0 3.2 0.0 2.8 0.6 3.0

do globine m 3.0 6.6 3.2 5.6 2.8 5.2 3.0 6.0
nedrenirana strizna trdnost kPa 37.66 258.21 36.38 364.22 37.46 191.62 17.75 253.6

Qc (CPT odpor konice) MPa 1.2 7.65 1.16 10.79 1.2 5.68 0.57 7.51
Oedometri¢ni modul elast. Eed MPa 6.32 39.19 6.11 55.21 6.3 29.13 3.07 38.49
Youngov modul elasti¢nosti Ey MPa 6.02 38.26 5.82 53.96 6 28.39 2.83 37.57
specificna teza kN/m3 17.85 24.22 17.75 24.52 17.85 21.08 15.98 23.83
hitrost striZnega valovanja m/s 103.74 174.53 101.92 182.15 99.87 160.02 92.07 171.83

T.3.2. lzvlecek rezultatov meritev vlaznosti

V laboratoriju smo doloili relativno vlaZnost tako da smo izmerili maso vzorca naravne vlaznosti in

maso suhega vzorca.

vrtina globina [m]

naravna masa [g]

suha masa [g]

w - relativna
vlaznost [%]

0,4 252 217 13,89%
1,3 287,5 244,5 14,96%
V1 2,2 346 284,5 17,77%
3,1 320,5 257,5 19,66%
4,0 315 259 17,78%
4,9 326 270 17,18%

w=W./(Wu+W;)x100 (%)

Wy, - teza vode

W;—teZa trde snovi

T.3.3. Dolocitev striznih parametrov hribine

Po Hoekov Brownovem porusitvenem kriteriju smo dolodili strizne karakteristike hribine. Tlacna
trdnost preperine je bila doloc¢ena z dinami¢no penetracijo v hribinsko preperino in je znasala 5,9 MPa.
GSI smo prevzeli 20, mi 4 D=0. Strizne trdnosti za hribino se lahko prevzamejo manj kot c=112 kPain

¢ = 15,1°.
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Hoek-Brown Classification
intact uniaxal compressive strength = 5.9 MPa
GSl=20 mi=4 Disturbance factor=0

Hoek-Brown Criterion

mb=0230 s=00001 a=054
Mohr-Coulomb Fit

cohesion=0.112MPa  fiction angle =15.06 deg
Rock Mass Parameters

tensile strength = 0.004 MPa

uniaxial compressive strength = 0.047 MPa
global strength = 0.293 MPa

modulus of deformation =431.94 MPa
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Normal stress (MPa)
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msdsebajrib razdaliah

KLIBIERE BLOKI KAMMINE = dobn raklinjeni kubié ni
bilaki repetkodowans kamnire, omepni  ireml sistem
razpek

NEPRAVILMI BLOKI KAMPNINE - zaxinjsna,
razpokand in delno peskodoana kamning 2
pepradinimi Hoki, omajenin  Stidmi all we sstemi

RAZPOKANA | POSKODOVANA | MAGLBANA
KAMMNINA - regubana in tektonske poblodauans
kamnina z nepgrailnimi Bloki, amajenimi z wE sistemi
razpok. Opazna plastoitost ali skilewst,

RAZPADLAS DEZINTEGRERANA, KAMMNNA - slabo
zeln mokna

z repelnih in
zaoblenlh kosev kamrine

fic

LAMINIRANS | STRIZNG DEFORMIANA KAMMNINA -
struktura Blokay ni wdra zamd| motne skifavosti
karnning

1 TMANUSANIE ZAKUNJENOST! KDSOV KAMMMNE

Slika 6 — Tabela za dolocitev GSI
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T.3.4. Racunski parametri

Iz preiskav in izkustveno smo dolocili racunske parametre, ki jih predlagamo, da se uporabljajo pri
analizah.

i kohezija strizni kot stli\:I;\(:/Jcl:lti gostota
(o] 3
[kPa] "] [MPa] [kN/m?]
glina Zidke do lahko gnetne konsistence 1 20 1 16
glina srednje gnetne konsistence 10 25 10 20
preperina laporja 20 35 100 22
T.4. ANALIZA STABILNOSTI
Za analizo smo obravnavali profil — PR.1. s Povretno analizo smo dolocili Mohr-Coulombove

karakteristike materialov. Pri analizi stabilnosti smo upostevali tandemsko variablino obremenitev
prometa 9kN/m?2in 2x tockovni obremenitvi 65kN. V Sloveniji se z po nacionalnem dodatku Evrokoda
7 za globalno stabilnost uporablja projektni pristop 3 (PP3).

T.4.1. Uporabljene karakteristike materialov v analizah

gruscnata glina Zidke do srednje gnetne konsistence (grCl) :

C=1kPa - kohezija

¢=12° - strizni kot

y =16 kN/m3 - prostorninska teza
glina poltrdne do trdne konsistence (Cl):

C=10kPa - kohezija

¢ =25° - strizni kot

y =19 kN/m3 - prostorninska teza
preperina laporja :

C=20kPa - kohezija

¢ =35° - strizni kot

y =22 kN/m3 - prostorninska teza
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Slika 7 —Precni prerez

T.4.2. Analiza v PR.1

REZULTAT ANALIZE STABILNOSTI

Profil PR1 ..
IzkoriS¢enost
Trenutno stanje brez prometa 124,6 %
Sanirano stanje z obtezbo prometa 47,9 %

Stabilnost zemljine pod voziséno konstrukcijo ceste je labilno.

Predlagamo da se podpre vozis¢no konstrukcijo s pilotno steno.

T.5. ANALIZA PILOTNE STENE

S programom GEOS5 Anti-Slide Pile smo izracunali napetosti in pomike v pilotni steni. Prav tako smo
izracunali potrebno armaturo v pilotih.

Za analizo smo uporabili Mohr-Coulombove karakteristike materialov uporabljene v prejSnjem
poglavju.
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Slika 8 —Precni prerez
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Slika 9 —diagram pomikov in napetosti v pilotih
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opis vrednost
strig [-97,26;158,32] kNm/m
upogibni moment [0,0;330,86] kNm/m
pomik [-18,8; 0,0] mm

S ] Check cross section
Results
SHEAR : SATISFACTORY (56.6%)
] BENDING : SATISFACTORY (71.6%)
Cover: %00 | () Profite: A e rr er e @1.2%)
Profile: 280 | [mm] SP2Cing: 1500 |l

Name

Geometry : Pile curtaind = 0.80m, a= 150 m

1000 | [pes] [+ Shear rein forcement t
Stage: (envelopes from all stages) | T Modify

Partial factor on load : 100 | H
= -188 mm

tion Qe = 23748 kN Additional reinf. profile : 0.0 | [mm]
Muma = 496.30 kNm

Potrebna armatura v pilotih je:

e Vzdolzna armatura 10x¢$28
® Preéna armatura $8/15

T.6. PREDLOG UREDITVE VOZISCNE KONSTRUKCIJE

Dimenzioniranje vozis¢ne konstrukcije ceste je izvedeno skladno s Tehni¢nimi specifikacijami za javne
ceste Republike Slovenije, izdala Direkcija Republike Slovenije za ceste, TSC 06.520: 2009,
PROJEKTIRANJE, DIMENZIONIRANJE NOVIH ASFALTNIH VOZISCNIH KONSTRUKCIJ.

Na obravnavanem odseku ceste je bila izvedena vizualna ocena stanja obstojecih vozis¢. Kot vsota
zmnozkov obsega in jakosti posameznih vrst poskodb (razpoke, udarne jame, obraba, krpe) je izrazeno
stanje vozne povrsine.

Obstojeca asfaltna konstrukcija je v slabem stanju. Krovna plast je lokalno razpokana in deformirana.

Temeljna tla sestavljajo materiali, ki jih uvrSs¢amo v razred neodpornih proti u¢inkom zmrzovanja in
odtajevanja. Hidroloski pogoji po ureditvi ceste bodo ugodni. Potrebna debelina vozis¢ne konstrukcije
hmin je 70 % globine prodiranja mraza hm, kar znasa 63 cm.

Prevzeli smo lazjo prometno obremenitev.

Predlog izvedbe novogradnje in zamenjave voziScne konstrukcije na lokalni cesti
- 4 cm bitumenskega betona AC 11 surf B70/100, A4

- 6 cm bituminiziranega drobljenca AC 22 base B70/100, A4
- 21 cm tamponski drobljenec TD32

- 45 cm zmrzlinsko odpornega kamnitega materiala D63 (posteljica)

- geotekstil (povrsinska masa =180 g/m2, natezna trdnost > 13,5 kN/m

86 cm skupaj

lzvedba:
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V predlogu dimenzioniranja je predvidena izgradnja nove voziS¢ne konstrukcije na nasip iz zmrzlinsko
odpornega kamnitega materiala.

Pri izvedbi rekonstrukcije lokalne ceste se izkop izvede do planuma temeljnih tal, ki je na globini 63 cm
pod projektirano koto vozis¢a. Na izravnan in utrjen planum temeljnih tal se za povecanje nosilnosti,
vgradi geotekstil, na to pa plast zmrzlinsko odpornega kamnitega materiala v debelini 45 cm in utrdi.
Na planumu zmrzlinsko odpornega materiala mora biti zagotovljena nosilnost CBR = 10%. Na planum
spodnjega ustroja se vgradi 21 cm tamponskega drobljenca TD32 in utrdi, zagotovljena mora biti
nosilnost Ev> = 100MPa in Ev2/Evi < 2,2. Asfaltna utrditev se izvede z vgradnjo bituminiziranega
drobljenca AC 22 base B70/100, A4 v debelini 6 cm in bitumenskega betona AC 11 surf B70/100, A4 v
debelini 4 cm.

Dobrna, marec 2024 Sestavil:
Martin Skoflek
Pregledal:
PI Vid Stukovnik, dipl.inZ.grad.
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R.1. REZULTATI MERITEV Z LAHKIM DINAMICNIM PENETROMETROM

R.1.1. DPSH1

Podatki o meritvi:

Oznaka meritve: DPSH 1
Tip meritve/naprava: DPSH
Koordinate (D96/TM) | e:500518.25; n:125202.87
Investitor: Obcina Braslovce
Datum: 6.2.2024
Vreme: suho, 10°C
Nivo podtalne vode: /
Meritve izvajal: Peter Zobec
Globina meritve: 6,4 m
Mo. of blows tip penetration Rpd (Mpa) Stratigraphic interpretation
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R.1.2. DPSH2

Podatki o meritvi:

Oznaka meritve: DPSH 2
Tip meritve/naprava: DPSH
Koordinate (D96/TM) | e:500516.83; n:125195.31
Investitor: Obcina Braslovce
Datum: 6.2.2024
Vreme: suho, 10°C
Nivo podtalne vode: /
Meritve izvajal: Peter Zobec
Globina meritve: 5,8m
Mo. of blows tip penetration Rpd (Mpa) Stratigraphic interpretation

0 7 14 21 28 35 42 49 56 63 70 0 6.0 120 180 24.0 30.0
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R.1.3. DPSH3

Podatki o meritvi:

Oznaka meritve: DPSH 3
Tip meritve/naprava: DPSH
Koordinate (D96/TM) | e:500515.50; n:125189.78
Investitor: Obcina Braslovce
Datum: 6.2.2024
Vreme: suho, 10 °C
Nivo podtalne vode: /
Meritve izvajal: Peter Zobec
Globina meritve: 5,4m
Ma. of blows tip penetration Rpd (Mpa) Stratigraphic interpretation
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R.1.4. DPSH4

Podatki o meritvi:

Oznaka meritve: DPSH 4
Tip meritve/naprava: DPSH
Koordinate (D96/TM) | e:500514.31; n:125183.88
Investitor: Obcina Braslovce
Datum: 6.2.2024
Vreme: suho, 10°C
Nivo podtalne vode: /
Meritve izvajal: Peter Zobec
Globina meritve: 6,2m
Na. of blows tip penetration Rpd (Mpa)

0 7 14 21 28 35 42 49 56 63 70 0 .0 12.0 18.0 24.0

Stratigraphic interpretation
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R.1.5. CPT1
Podatki o meritvi:
Oznaka meritve: CPT1
Tip meritve/naprava: CPT
Koordinate (D96/TM) | e: 500519.78; n: 125194.25
Investitor: Obcina Braslovée
Datum: 6.2.2024
Vreme: suho, 10°C
Nivo podtalne vode: /
Meritve izvajal: Peter Zobec
Globina meritve: 6,6 m
Cone resistance Sleeve friction
0.2 4 0.2 4
0.4 0.4
0.6 0.6
0.8 0.8
1 1
1.2 1.2
1.4 1.4
1.6 1.6
1.8 1.8
2] 2]
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2.6 2.6
2.9 2.9
- 24 -~ 39
Ez2] Ez2]
£ 3.4 £ 3.4
T35 T35
S35 S35
4] 4]
4.2 4.2
4.4 4.4
4.6 4.6
4.5 4.5
c ] c ]
5.2 5.2
5.4 5.4
5.6 4 5.6 4
5.6 5.6
& &
2 6.2
6.4 6.4
6.6 ey T T T T T 6.6 - T T T T T
10 20 30 200 400
Tip resistance (MPa) Fricton (kPa)
Summary table of mean values
From depth Thickness  Permeability SPTuso E: D. Friction  Constrained Shear Undrained Undrained OCR Unit weight
To depth (m) (m/s) (blows/30cm) (MPa) (%) angle modulus, M modulus, Go strength, Sy strength (kN/m?=)
(m) (MPa) (MPa) (kPa) ratio
0.00 180 3.04E-06 11.9 36.1 60.7 414 498 58.8 0.0 0.0 0.0 19.0
1.80 (£3.28E-06) (£3.8) (£13.0) (287)  (20.9) (£16.6) (£23.6) (£0.0) (£0.0) (£0.0) (£0.0)
1.80 160 2.71E-07 11.0 0.0 0.0 0.0 40.2 62.7 187.2 3.5 15.9 19.0
3.40 (+2.26E-07) (£1.7) (£0.0) (£0.0)  (20.0) (£8.7) (£7.4) (£26.5) (£0.6) (£3.0) (£0.0)
3.40 500 8.66E-07 257 103.5 495 405 108.2 132.0 0.0 0.0 0.0 19.0
540 (£5.24E-07) (£7.4) (£29.0) (£6.0) (x1.2) (£33.8) (£35.0) (£0.0) (+0.0) (x0.0) (x0.0)
5.40 100 1.09E-05 47.0 158.0 666 422 188.9 201.3 0.0 0.0 0.0 19.0
6.40 (£1.04E-05) (£9.4) (£15.7)  (£9.6)  (20.8) (£27.5) (£20.0) (£0.0) (+0.0) (£0.0) (£0.0)
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R.2. LITOLOSKI STOLPEC

G C GHC-Projekt, d.0.. Narocnik: ObCina Braslovle V 7
I I Pristova 8, Izvajalec vrtonjo: GHC-Projekt d.o.0. B
PROJEKT 3204 Dobrna .
Datum izvedbe: 6.2. 2024
Projekt: G0 26/%24 Globina: ,8m Merilo: 1: 50
Lokacijo:0bCina Braslovie koordinate (D96/TM) €:500520 m:125194  2:354,50
GLOBINA 5 wls | SIS POMBE
uroos (B gooso - gommen | S| S|E (S| P
STOLPEC |8 = 0PIS Slas| oIS
nmy. | m g 2 S|2|E |5
0.0
saGr |  tampon: pesten grusc
05 — [ =] 1 50 kPa
sll=ll= 0 kP
0 iﬁMﬁmr‘ o
1.5 IEEEME 30 kPa
. :M:H_|:_| grCl | rjova grusinata glina Zidke do 90 kPa
- i:m:m: srednje gnetne konsistence 120 kf’j
s sll=IlI= 120 kP
SR M=II=TT
so £ [l o
T 180 kP
35 ~m5 :l 250 1P
D:l 1l— R 30 kPd
. *M:'ZM rjovo siva glina poltrdne do trdne 350 kP
|10 | konsistence 2 ok grusta
45 =lE=Il 0 kPg
I= = 330 kP4
5.0 _[mﬁlﬁl | 330 kP
A5 s preperina laporja
6.0
6.5
-7.0
-7.5
-8.0
-8.5
-9.0
-9.5
-10.0
Opombe:
Obdelal: Martin Skofiek Pregledal: Vid Stukownik i
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R.2.1. Slike vrtine

0m-0,8m 0,8m-1,7m 1,7m-2,6m 2,6m-3,5m 3,5m-4,4m 4,4m-5,3m
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R.3. OPREMA IN INTERPRETACIJA

R.3.1. Dinamicni penetrometer super heavy
DPSH - (DIN) EN ISO 22476-2
Masa utezi: (63,5kg)

Visina padca: 750mm
Jeklene palice @ (51mm); L 1000 mm
Krona @ (42,3mm); B 90°; A (20 cm?)

Energija prenesena skozi drogovje je preracunana kot:

FO)=A*E*g (1)

Kjer je:

Aa Prerez drogovija

@ Modul elasti¢nosti drogovja
&0

Merjena deformacija drogovja ob ¢asu t

Razmerje med teoreti¢no energijo in dejansko energijo
preneseno skozi drogovje do krone je za vsak penetrometer
definirano posebej kot:

EM
E =—

ET

Slika 10 - dinamicni penetrometer super heavy

Kjer je:

1 n
EM=-)F
n dejanska prenesSena energija skozi drogovje do krone

Fl=ni*g*h
E =06

Odpornost tal je prera¢unana kot:
m EM r,

)*r, r, = =L
m+m' ¢ 4 Axe dor 95

teoretic¢na — potencialna energija

g, =(

Kjer je:

m masa kladiva

m’ skupna masa aparature z drogovje,
g zemeljski pospesek

h viSina padca kladiva

A Povrsina krone

E povprecen prodor krone
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R.3.2. Penetracija s staticnim konusnim penetrometrom - CPT

OPREMA IN POSTOPEK MERITEV

Preiskave s staticnim konusnim penetrometrom so bile izvedene z opremo, ki je skladna s standardi
SIST EN 1997-2:2007 ter EN ISO 22476- 1:2005.

Za preiskavo smo uporabili stroj za vtiskanje (penetrometer) GD 150KN. Drogovje je opremljeno s
merilno konico povr$ine 10 cm?. Merilno konico se vtiska v tla s povpreéno hitrostjo 2,0 + 0,5 cm/s.

Slika 11 - fotografija uporabljene opreme

MERJENE VREDNOSTI

S stati¢nim konusnim penetrometrom smo na terenu pridobili izmerjene vrednosti prikazane v
spodniji tabeli 1.

ID parameter oznaka enota

1 Odpor na konico Qc MPa

2 Trenje po plaséu fs KPa/MPa
drogovja

NORMALIZIRANI ODPOR NA KONICO qt

Vrednosti odpora pod konico smo korigirali zaradi vpliva dinamienih pornih tlakov. Korigirana
oziroma normalizirana vrednost odpora na konico tako znasa :

g =q.+,-(1-a)
(qt_o-)

Gef

9 =

Qt — totalni odpor na konico (MPa)
Qtn — normaliizrani odpor na konico (kPa) glede na tezo zemljine

u2 - dinamicni (merjeni) porni tlak
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o — primarna napetost v tleh

a — razmerje med povrsino konice na katero deluje sila odpora zemljine ter efektivnim merskim
prerezom (0,58 v nasem primeru)

NORMALIZIRANO TRENJE PO PLASCU - Fr

Trenje po plascu smo prav tako normalizirali zaradi vplivov dinami¢nih pornih tlakov. Tako je
normalizirano trenje po plascu drogovija.

F = (ij 100
d;

kjer je:

fr - normalizirano trenje po plas¢u drogovja
fs — merjeno trenje po plascu drogovja

gt- normaliziran odpor na konici

SBTn diagram — NORMALIZIRAN DIAGRAM TIPA OBNASANJA ZEMUIN

SBTn diagram (Lunne et al.,1997) je diagram tipa obnasanja zemljin glede na izmerjene parametre.
Na podlagi tega diagrama se klasificira zemljine, kar je eden glavnih prednosti preiskave s stati¢nim
konusnim penetrometrom. Tako razvrs¢anje zemljin na podlagi SBTn diagramov je zgolj orientacijsko
in sluzi kot opora za nekatere nadaljnje izracune, saj nekateri od njih temeljijo na predpostavki ali
zemljini predpisemo koherentne oziroma nekoherentne lastnosti.

DNEDEEEEE

TiE
[

il

;E
i

y
:
%

Normaliziran odpar na konico, Qtn
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SBTn indeks - Ic

Indeks tipa obnasanja zemljin smo izrac¢unali po sledeci enacbi

I - [[3,47 _log(g, }* + (log(F. ) + 1,22)]10'5

Kjer je:

Ic—SBTn indeks

Qtn — normaliziran opdor na konico

Fr —normalizirano trenje po plas¢u drogovja

Na podlagi SBTn indeksa lahko izracunamo koficient prepustnosti — k.
IZRACUN OCENJENIH VREDNOSTI GEOTEHNICNIH PARAMATREOV

Koeficient prepustnoti - kssr

SBTn tip Koeficient prepustnosti (m/s)

1x10®

1x107

3x10*°

1x10®

1x10°®

1x10*

1x10?

1x10°®

O 0 N| o L | W| N| B

3x10°

Tabela: Korelacija med koeficinetom prepustnosti ter normaliziranim tipom obnasanja zemljin
Korelacija z SPT testom —Ngo

Korelacija med podatki iz CPT preiskav ter Stevilom udarcev pri standardnem penetracijskem testu je
podana kot odvisnost od klasifikacije posameznega zemljinskega intervala in odpora na konico, kot je
prikazano v s spodnji tabeli

obmocje Tip zemljine (ac/pa)/Neo
1 Obcutljivo, fino zrnata zemljina | 2

2 Organski material 1

3 glina 1

4 Meljasta glina do glina 1.5

5 Glinast melj do meljasta glina 2

6 Pescen melj do glinast melj 2.5

7 Mejast pesek do pescen pesek | 3

8 Pesek do meljast pesek 4
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9 pesek 5
10 Prodnat pesek do pesek 6
11 Zelo gosto, fino zrnata zemljina | 1
12 Pesek do glinast pesek 2

Tabela: korelacija SBTn ter N60

Izra¢un N60 je izveden po spodnji enacbi

(qcpq) :8,5.(1 , j

N 46

Kjer je:

gc —merjen odpor na konico

pa — referencni tlak (100kPa)

N60 — Stevilo udarcev

Ic—SBTn indeks

Youngov modul elasti¢nosti — Es

Modul elasti¢nosti je izracunan po spodnji enacbi

Es =0 (qt _O-)

oy = 0,015 - l0@F %1% prit > 2,6

Kjer je:

Es — ocenjen Youngov modul elasti¢nosti

a tn — konstatna, ki je odvisna od tipa zemljine

Ic- SBTn indeks tipa obnasanja zemljin

Youngov modul elasti¢nosti se izracuna pri Ic>2,6 (lunne et al, 1997)
Relativna gostota — Dr

Izra€un relativne gostote se izvaja samo za 5,6,7 in 8 normaliziran tip obnasanja zemljin (Lunne et

al, 1997) in sicer po spodnji enacbi

p = [9u

’ CDr
Kjer je
D, — relativna gostota v %
gw — nornmaliziran odpor na konico

Cor — konstanta tipa zemljine
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Strizni kot — ¢

Izra€un striznega kota je izveden po spodnji enacbi za 5,6,7 in 8 normaliziran tip obnasanja zemljine
(Lunne et al, 1997)

¢=17,6+11-log(g,)
Kjer je
® ocenjen strizni kot

gt — odpor na konico

Modul stislljivsoti — oedometrski — M

Modul stisljivosti je izracunan po spodnji enacbi za vse tipe zemljin (Lunne et al, 1997) in sicer po
spodnji enacbi

M=a, (g, -0)

Pri nekoherentnih zemljinah a v

M=a, (g, -0)

Pri koherentnih zemljinah pa za a m vzamemo:
a, =0,0188 [10 (025 e +168)]

Kjer je:

M — modul stisljivosti

o m - korekcijski faktor glede na SBTn indeks

Strizni modul - G

Strizni modul je ocenjen po sledeci enacbi (www.geologismiki.gr, CpeT-IT user’'s manual, 2008)
G, = ay (qt ~0)

a, =0,0188[10("* 1]

kjer je:

GO - strizni modul

o m- korekcijski faktor glede na SBTn indeks
Nedrenirana strizna trdnost — Su

Za vsak interval koherentne zemljine smo dolocili nedrenirano strizno trdnost Su (Meigh 1987), kjer
smo upostavali relacijo:

5u — (Qt — 0)
N

kjer je:
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Su — nedrenirana strizna trdnost

Qt — odpor na konico

o — primarna napetost v tleh

Nkt — emepricni faktor odvisen od tipa konice, OCR, stopnje cementacije. Tipi¢na vrednost

Nkt= 10 — 20. V prekonsolidiranih zemljinah je Nkt vecji kot pri normalno konsolidiranih. Izra¢un se
izvedeni samo za SBTn tipe 1, 2,3,4in9

Koeficient prekonsolidacije — OCR
Koeficient prekonsolidacije koherentnih zemljin OCR smo izracunali po enacbi (Mayne, 1991)
OCR = K (g, ~0)
ef
kjer je:
OCR — koeficient prekonsolidacije

Kocr — konstanta glede na zemljino (pri izracunih smo uproabili vrednost 0.33, ki je predlagana v
literaturi)

o — primarna napetost v tleh

o.f — efektivna napetost

OPOMBA

Za ustrezno interpretacijo dobljenih rezultatov je potrebno rezultate meritev preveriti in uskaditi z
ostalimi geotehni¢nimi preiskavami na obravani lokaciji.
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R.4. 1ZPIS REZULTATOV CPeT-IT
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GHC-Projekt d.o.o.

Pristova 8
3204 Dobrna

CPT:CPT 1

Total depth: 6.60 m, Date: 27. 03. 2024
Surface Elevation: 0.00 m
Coords: X:0.00, Y:0.00

Project: Cone Type:
Location: Cone Operator:
Cone resistance Sleeve friction Pore pressure
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The plot below presents the cross correlation coeficient between the raw qc and fs values (as measured on the field). X axes presents the lag
distance (one lag is the distance between two sucessive CPT measurements).

Cross correlation between qc & fs

2

-0 18 -16 4 -12 -10 -8 6 -4 2 1 2 10 16 18 20
0.2
0]
0.6-
o8-
14
-+
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GHC-Projekt d.o.o. CPT:CPT1
Pristova 8 Total depth: 6.60 m, Date: 27. 03. 2024
3204 Dobrna

PROJEKT Surface Elevation: 0.00 m
Coords: X:0.00, Y:0.00

Project: Cone Type:
Location: Cone Operator:
SBT - Bq plots

SBT plot

1,000 1,000
m©
a
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100 8 ]
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© = 1
o 9]
c c

& 8
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2 g

8 g 104

o o i

O O 4

10 ]

1 T T T T T T T
-0.60 -0.40 -0.20 0.00 0.20 0.40 0.60 0.80 1.00 1.20 1.40
Pore pressure ratio, Bqg
1
0.1 1 10 SBT legend
Friction Ratio, Rf (%) Il 1. Sensitive fine grained [l 4. Clayey silt tosilty clay ~ [] 7. Gravelly sand to sand
. 2. Organic material . 5. Silty sand to sandy silt . 8. Very stiff sand to clayey sand
. 3. Clay to silty clay . 6. Clean sand to silty sand |:| 9. Very stiff fine grained
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GHC-Projekt d.o.o. CPT:CPT1
Pristova 8 Total depth: 6.60 m, Date: 27. 03. 2024
3204 Dobrna

Surface Elevation: 0.00 m

PROJEKT Coords: X:0.00, Y:0.00

Project: Cone Type:
Location: Cone Operator:

SBT - Bq plots (normalized)

SBTn plot Normalized Bq plot
1,000 1[000 . 1 ] 1 ] 1 . ] 1 ] 1 ] 1 1 1 ] 1 ] 1
c
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= ~ 1004
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% o
] o J
g 3
S N
© ©
N £ 10-
: g
E 10 1
5 J
Z -
1 T T T T T T T

-0.60 -0.40 -0.20 0.00 0.20 0.40 0.60 0.80 1.00 1.20 1.40
Pore pressure ratio, Bqg

0.1 ) 1 . 10 SBTn legend
Normalized Friction Ratio, Fr (%)
. 1. Sensitive fine grained . 4. Clayey silt to silty clay . 7. Gravelly sand to sand
. 2. Organic material . 5. Silty sand to sandy silt . 8. Very stiff sand to clayey sand
. 3. Clay to silty clay . 6. Clean sand to silty sand |:| 9. Very stiff fine grained
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GHC-Projekt d.o.o. CPT:CPT1
Pristova 8 Total depth: 6.60 m, Date: 27. 03. 2024
3204 Dobrna

Surface Elevation: 0.00 m

PROJEKT Coords: X:0.00, Y:0.00

Project: Cone Type:
Location: Cone Operator:

Bq plots (Schneider)

Schneider et al (2008) Soil Class. Schneider et al (2008) Soil Class.
1 ,0 00 ! ! | ! | ! | ! | ! | ! | ! | ! | ! 1 ’0 00 ! ! T N A | ! ! TR R A N A | ! ! I T B A |
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) L
4 | 1) |
] i J I
; 2
100 - 100 —_i -
> 1 i > 'i I
o 1 i o 1 i
2 2 3
) 3 ) L
C - [ 4
(] o (O] o
o o
Il 4 | Il J I
o o
10 - 10 -
1 T | T T T | T | T | T | T | T | T | T | T 1 T T T T LI T T T T T 1T 11 | T T T T T LI
-2 -1 0 1 2 3 4 5 6 7 8 9 10 0.1 1 10 100
Du2/sig'v Du2/sig'v
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GHC-Projekt d.o.o. CPT:CPT1
Pristova 8 Total depth: 6.60 m, Date: 27. 03. 2024
3204 Dobrna

Surface Elevation: 0.00 m

PROJEKT Coords: X:0.00, Y:0.00

Project: Cone Type:

Location: Cone Operator:
Norm. Soil Behaviour Type Fuzzy Classification

) 2
E E
o e
L L
Q Q
() [
[a) [a)
4 4
5
5
6
6
| L L L T T T T T
0 2 4 6 8 10 12 14 16 18 0 20 40 60 80 100
SBTn (Robertson 1990) Probability of Soil Types (%)
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GHC-Projekt d.o.o. CPT:CPT1

G H ‘ Pristova 8 Total depth: 6.60 m, Date: 27. 03. 2024
3204 Dobrna Surface Elevation: 0.00 m

PROJEKT Coords: X:0.00, Y:0.00

Project: Cone Type:

Location: Cone Operator:

Cone resistance qt Friction ratio Pore pressure u SBT Index Soil Behaviour Type

Clay & silty cla

I
o O O o
1
o O O o
1
o O O o

Silty sand & sandy silt

Clay & silty cla

Clay
Clay &silty cla
Clay
Clay & silty cla

Clay

e e
e e
1
e e

\Vd \/\/

Clay & silty cla

NN NN
NN NN
NN NN

-

Clay

w
w

Clay &silty cla

Depth (m)
Depth (m)
w w w w
Depth (m)
w w w w
Depth (m)

w w w w

j
|
I

IS

Silty sand & sandy silt |

Clay & silty cla

.
H A D DS
A AN OO OODADNUILOAOODDNNDN OO NWOOO PANDNOOOO DANEHEHOOOODDDN
1
Depth (m)

1
> DD p
A BN OO OODANUIO DA NDOONDNWOOOOOANNOOOGOODANEFEHOOOODN

1
> DD p
A BN OO OODANUIO DA NDOODNWOOOOOANNOWOOGOODANEFEHOOOODN

Silty sand & sandy silt

Very denselstiff soil

(S, IO, IO, BT |
(S, IO, IO, BT |

Silty sand & sandy silt

(S, IO, IO, I |

Sand & silty sand

LN

10 20 0 2 4 6 8 10 0 0 2 4 6 8 10 12 14 16 18
Tip resistance (MPa) Rf (%) Pressure (kPa) I(SBT) SBT (Robertson, 2010)
SBT legend

[l 1 Sensitive fine grained [ 4. Clayeysitttosity clay  [T] 7. Gravely sand to sand
[ 2 Organic material [ 5. silty sand to sandy silt  [I] 8. Very stiff sand to clayey sand
Il 3. Clay to silty clay [0 6. Clean sand to silty sand  [] 9. Very stiff fine grained

[ e I e)]
[ e) I e)]
[ e I e)]
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GHC-Projekt d.o.o. CPT:CPT1

G H ‘ Pristova 8 Total depth: 6.60 m, Date: 27. 03. 2024
3204 Dobrna Surface Elevation: 0.00 m

PROJEKT Coords: X:0.00, Y:0.00

Project: Cone Type:
Location: Cone Operator:
Norm. cone resistance Norm. friction ratio Norm. pore pressure ratic SBTn Index Norm. Soil Behaviour Type
0.2 0.2 0.2 = 0
0.4 0.4 0.4 Sand & silty sand
| 0.6 0.6 0.6
<\ 0.8 ] l 0.8 ] 0.8 Silty sand & sandy silt
1 1 K 1 1
1.2 > 1.2 1.2 !
1.4 1.4 1.4
i ] \ ] Very dense/stiff soil
1.6 1 2 1.6 1 1.6
1.8 < 1.8 1.8 ) ,
B \ B Silty sand & sandy silt
2 2 2 2
] // ] 2
2.2 ( 2.2 2.2
| 2.4 2.4 2.4
2.6 2.6 2.6 Clay &silty cla
2.8 , 2.8 2.8
~3 ~ 34 / ~ 34 ~ 3 ~3
3 E 3.2 // E 3.2 E32 3
S | £ 344 £ 344 S 34 £
8 % 3.6 7 % 3.6 7 % 3.6 8 Silty sand & sandy silt
a Q38 Q38 Q38 a Y
4 4 4 4 4
4.2 ) 4.2 4.2 Clay &silty cla
| 4.4 4.4 4.4
4.6 4.6 4.6
4.8 : / 4.8 : 4.8 . Silty sand & sandy silt
5 \ 5 5 5
5.2 5.2 5.2
] 5.4 5.4 5.4 Very denselstiff soil
56 56 56 Silty sand & sandy silt
5.8 / 5.8 5.8 6
6 6 6 6
\ 6.2 ] 6.2 ] 6.2 Sand&sltysard
| \ 6.4 6.4 6.4
. . : . 6.6 +— . . . . 6.6 . . 6.6 T
0 100 200 300 400 0 2 4 6 8 10 0 0.5 1 0 2 4 6 8 10 12 14 16 18
Qtn Fr (%) Bq SBTn (Robertson, 1990)
SBTn legend
[l 1 Sensitive fine grained [ 4. Clayeysitttosity clay  [T] 7. Gravely sand to sand
[ 2 Organic material [ 5. silty sand to sandy silt  [I] 8. Very stiff sand to clayey sand
Il 3. Clay to silty clay [0 6. Clean sand to silty sand  [] 9. Very stiff fine grained
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GHC

PROJEKT

Project:
Location:

GHC-Projekt d.o.o.
Pristova 8
3204 Dobrna

CPT:CPT1

Total depth: 6.60 m, Date: 27. 03. 2024
Surface Elevation: 0.00 m

Coords: X:0.00, Y:0.00

Cone Type:

Cone Operator:

Norm. cone resistance

Norm. friction ratio
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. \ 6611
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Norm. pore pressure ratic
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Mod. SBTn legend

100

Mod. SBTh I(B)

Depth (m)

Mod. Norm. SBTn

Sand like - Dilative

Transitional - Dilati

@®

1
lative
Dilative
2 lative
Dilative
3 Clay-like - Dilative
4 Transitional - Dilative
5 Qaﬂﬂ‘r(ﬁﬁﬂaﬁvc
Transitional - Dilative
6

Sand like - Dilative

| L L L T T T T T
0 2 4 6 8 10 12 14 16 18
Mod. SBTn (Robertson 2016)

B 1. ccs: ClayLike - Contractive, Sensitive [] 4- TC: Transitional - Contractive [I] 7. SD: Sand-like - Dilative

. 2. CC: Clay-like - Contractive
B 3. co: Clay-Like: Dilative

[l 5. TD: Transitional - Dilative

[ 6. sc: Sand-like - Contractive
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GHC-Projekt d.o.o.
Pristova 8
3204 Dobrna

PROJEKT

CPT:CPT 1

Total depth: 6.60 m, Date: 27. 03. 2024
Surface Elevation: 0.00 m
Coords: X:0.00, Y:0.00

Project: Cone Type:
Location: Cone Operator:
Updated SBTn plots

Modified Robertson (2016) SBTn Modified Schneider et al (2008) SBTn Normalized Rigidity Index
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E 3 ‘ // CCS—— S i
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© © ] ‘ I © - o
£ £ ] [ € i r
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o o 1 B o - L
4 4 i L = i [
0.1 1 10 -2 0 8 10 12 14 16 18 20 1 10 100 1,000
Normalized Friction Ratio, Fr (%) Du2/sig'v Go/qgn

CCS: Clay-like - Contractive - Sensitive
CC: Clay-like - Contractive

CD: Clay-like - Dilative

TC: Transitional - Contractive

TD: Transitional - Dilative

SC: Sand-like - Contractive

SD: Sand-like - Dilative

K(G) > 330: Soils with significant microstructure
(e.g. age/cementation)
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GHC-Projekt d.o.o. CPT:CPT1
Pristova 8 Total depth: 6.60 m, Date: 27. 03. 2024
3204 Dobrna

PROUJEKT Surface Elevation: 0.00 m
Coords: X:0.00, Y:0.00

Project: Cone Type:
Location: Cone Operator:
Permeability SPT N60O Young's modulus Relative density Friction angle
0.2 0.2 0.2 0.2 0.2
0.4 0.4 0.4 0.4 0.4
0.6 0.6 0.6 0.6 0.6
0.8 0.8 0.8 0.8 0.8
1] 1 1 1] 1
1.2 1.2 1.2 1.2 1.2
1.4 1.4 1.4 1.4 1.4
1.6 1.6 1.6 1.6 1.6
1.8 1.8 1.8 1.8 1.8
2 2] 2] 2 2]
2.2 2.2 2.2 2.2 2.2
2.4 2.4 2.4 2.4 2.4
2.6 2.6 2.6 2.6 2.6
2.8 2.8 2.8 2.8 2.8
~ 3 ] —~ 3 g —~ 3 N — 3 ] 3 5
\5,3.2—: \5,3.2—: \5,3.2—: \5,3.2—: \5,3.2—:
§3At §3At §3At §3At §3At
o 3.6 o 3.6 o 3.6 o 3.6 o 3.6
0 338 0 38 0 38 0 38 0 38
4] 4] 2] 4] 4]
4.2 4.2 4.2 4.2 4.2
4.4 4.4 4.4 4.4 4.4
4.6 4.6 4.6 4.6 4.6
4.8 4.8 4.8 4.8 4.8
5] 5] 5] 5] 5]
5.2 5.2 5.2 5.2 5.2
5.4 5.4 5.4 5.4 5.4
5.6 5.6 5.6 5.6 5.6
5.8 5.8 5.8 5.8 5.8
6 6] 6] 6 6]
6.2 6.2 6.2 6.2 6.2
6.4 6.4 6.4 6.4 6.4
6.6 T T T 66 17T T 1 6.6 T T T T 6.6 1111 66 t———T—1
9 6 3 +0 0 10 20 30 40 50 0 100 200 0 20 40 60 80 100 30 35 40 45 50
1x10 131G 5 P %) © N60 (blows/30cm) Es (MPa) Dr (%) o (degrees)
Calculation parameters
Permeability: Based on SBT, Relative density constant, Cpr: 350.0
SPT Neo: Based on I. and q: Phi: Based on Kulhawy & Mayne (1990)
Young’s modulus: Based on variable alpha using I. (Robertson, 2009)
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GHC-Projekt d.o.o. CPT:CPT1
Pristova 8 Total depth: 6.60 m, Date: 27. 03. 2024
3204 Dobrna

PROUJEKT Surface Elevation: 0.00 m
Coords: X:0.00, Y:0.00

Project: Cone Type:
Location: Cone Operator:
Constrained Modulus Shear modulus Shear strength Undrained strength ratio OCR
3421—_ == Su peak 1§_—
] 4 Su remolded ]
0.6 ] 1.4 -
0.8 7 | / 1.5 ] |
1 1] 1.6
1.2 1.7
| 1.4 7 1.8 ]
Ve
5 5] 24 2 24
2.2 2.1
2.4 2.2
| 2.6 2.3
2.8 . 2.4 3
—~ 3 ~ 3 3 ~ ~2.5 . —~
E E32] E E26 E
;g i g 3.4 g % 2.7 1 %_
o o 3.6 o O 2.8 )
a Q3] a} 0,41 a}
4 4 34 3] 34
4.2 7 3.1 ]
) 4.4 3]
4.6 7 3.3 ]
. 4 i E 3.4 _:
4 e 3.5 i
5.2 1
5.4 367
| 5.6 3.7
5.8 3.8 7
6 6 3.9+
6.2 4 4 4
6.4 ] 4.1
T T T T T 6.6 T T T T T T T T T T 4'2_.|.|.|. T Tt T T T
100 200 100 200 0 200 400 0 1 2 3 4 0 5 10 15 20
M(CPT) (MPa) Go (MPa) Su (kPa) Su/o',vo OCR
Calculation parameters
Constrained modulus: Based on variable ajpha using I. and Qw (Robertson, 2009) OCR factor for clays, Nk: 0.33
Go: Based on variable ajpha using 1. (Robertson, 2009) —@— Flat Dilatometer Test data
Undrained shear strength cone factor for clays, Nw: 14
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GHC-Projekt d.o.o.
Pristova 8
3204 Dobrna

PROJEKT

CPT:CPT1

Total depth: 6.60 m, Date: 27. 03. 2024
Surface Elevation: 0.00 m

Coords: X:0.00, Y:0.00

Cone Type:

Cone Operator:

Project:
Location:
Shear Wave velocity State parameter In-situ stress ratio
0.2 1 0.2 1 1.2
0.4 0.4 1.3
0.6 0.6 1.4
0.8—_ 0.8—_ 1_5__
1 1 1.6
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2 2] ]
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4.6—_ 4.6—_ 3'3_'
4.8 4.8 -
5_- 5__ 3'4__
5.2 5.2 357
5.4 5.4 367
5.6 5.6 3.7
5.8 5.8 3.8
6 6 3.9 1
6.2 6.2 44
6.4 6.4 4.1
6.6 +— T T T T 6.6 —r—g——7— 42 11T
200 300 -0.2 -0.1 0 0.1 0 05 1 15 2 25 3
Vs (m/s) Yy Ko

Calculation parameters
Soil Sensitivity factor, Ns: 7.00

Depth (m)
N N NN NNNNNDN

e T e e

W ww wwwwwuw
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Soil sensitivity

o

Effective friction angle

Depth (m)
o
1

20 25 30 35 40
Peak ¢ (degrees)
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C GHC-Projekt d.o.o.

G Pristova 8

3204 Dobrna
PROUJEKT

Project:
Location:

CPT:CPT1
Total depth: 6.60 m, Date: 27. 03. 2024
Surface Elevation: 0.00 m
Coords: X:0.00, Y:0.00
Cone Type:
Cone Operator:

Bulk unit weight Water content Void ratio

NN NN [ = = o o oo

Depth (m)
A D DM D ww ww
ORNOD®OOPMN UTODOOIMNDLE DI NWGBOIDNNNDGORDMNRLO DN
Depth (m)
o
]
Depth (m)
o
]

v »n

a o

19 0 0
Yy (kN/m3) w(%) e

Dry unit weight

Depth (m)
o
]

T
0

y(dry) (kN/m3)

Porosity

Depth (m)
o
1
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GHC-Projekt d.o.o. CPT:CPT1

G H ‘ Pristova 8 Total depth: 6.60 m, Date: 27. 03. 2024
3204 Dobrna Surface Elevation: 0.00 m

PROJEKT Coords: X:0.00, Y:0.00

Project: Cone Type:

Location: Cone Operator:

Cone resistance qt Norm. cone resistance SBTn Index Clean sand equivalent Residual strength ratio
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0.8
1 1] /\

| 1:4:
1.6
- \>

2.2
2.4
2.6
2.8

M

w

3.2
3.4 ~
3.6
3.8

Depth (m)
Depth (m)
Depth (m)
Depth (m)
Depth (m)

/ I SN—

IS

ES

|

5.2
5.4
5.6
5.8

6 \ 6] \
6.2
] \\
| \ sl N\

200 300 06 0.7 0.8 0.9
Qtn,cs Su(r)/a'vo

1
P — ot

RN BN

10 20 100 200
Tip resistance (MPa) Qtn

CPeT-IT v.3.6.2.6 - CPTU data presentation & interpretation software - Report created on: 27. 03. 2024, 09:49:47 14
Project file: D:\Onedrive\OneDrive - Raing d.o.0\Martin\geomehanika\2024\24-1\26-1-24 Obcina Braslovce LC 490261 Prekopa-Podvrh\CPT Braslovce.cpt



GHC

PROJEKT

Project:
Location:

GHC-Projekt d.o.o.

Pristova 8
3204 Dobrna

CPT:CPT 1

Total depth: 6.60 m, Date: 27. 03. 2024

Surface Elevation: 0.00 m
Coords: X:0.00, Y:0.00
Cone Type:

Cone Operator:
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—_— ]

— 8
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Bearing Capacity calculation is £

perfromed based on the formula: g

Qur =Ry X Q¢ + gy

where:

Rk: Bearing capacity factor

q:: Average corrected cone
resistance over calculation depth

Bearing Capacity
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Qsoil: Pressure applied by soil 1 2 3 4
above footing Footing Width (m)
:: Tabular results ::
No B Start End Depth Ave. q: Rk  Soil Press. Ult. bearing
(m) Depth (m) (MPa) (kPa) cap. (kPa)
(m)
1 1.00 0.50 2.00 3.73 0.20 9.50 754.69
2 1.20 0.50 2.30 3.60 0.20 9.50 729.83
3 1.40 0.50 2.60 3.55 0.20 9.50 719.02
4 1.60 0.50 2.90 3.47 0.20 9.50 704.42
5 1.80 0.50 3.20 3.32 0.20 9.50 672.74
6 2.00 0.50 3.50 3.32 0.20 9.50 673.75
7 2.20 0.50 3.80 3.58 0.20 9.50 724.83
8 2.40 0.50 4.10 3.77 0.20 9.50 764.27
9 2.60 0.50 4.40 4.13 0.20 9.50 835.66
10 2.80 0.50 4.70 4.29 0.20 9.50 868.26
11 3.00 0.50 5.00 4.76 0.20 9.50 962.33
12 3.20 0.50 5.30 4.98 0.20 9.50 1004.78
13 3.40 0.50 5.60 5.48 0.20 9.50 1105.43
14 3.60 0.50 5.90 5.83 0.20 9.50 1176.50
15 3.80 0.50 6.20 6.74 0.20 9.50 1358.46
16 4.00 0.50 6.50 7.37 0.20 9.50 1483.65
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GHC-Projekt d.o.o. CPT:CPT1
Pristova 8

Total depth: 6.60 m, Date: 27. 03. 2024
PROJEKT 3204 Dobrna Surface Elevation: 0.00 m
Coords: X:0.00, Y:0.00
Project: Cone Type:
Location: Cone Operator:
Depth (M) Efevation: U.00 (M) SROTRERD. stiff soil atgipa) ksRimp) | NP | EsiPa)| B | PR G| M 4KIRR) |Gogdlfa)| SukPa) [Suratio] OCR | Gampa
1
Clay &silty clay 2.9 2.71E-7 | 11.0 - - - 40.2 62.7 187.2 3.5 15.9 19.0
2
3
Silty sand & sandy silt 7.8 8.66E-7 | 25.7 103.5 | 49.5 | 40.5 | 108.2 132.0 - - - 19.0
4
5
Silty sand & sandy silt 17.3 | 1.09E-5 | 47.0 158.0 | 66.6 | 42.2 | 188.9 | 201.3 - - - 19.0
6
20 1 2 3 4
Tip resistance (MPa) Ic
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This software is licensed to: GHC-Projekt d.o.o.

CPT name: CPT 1

Cone resistance

Norm. Soil Behaviour Type

0
Sand & silty sand
Silty sand & sandy silt
1 -
Very dense/stiff soil
Silty sand & sandy silt
2 ] 2
1 Clay &silty clay
~— ~
3
£ 37 £
~— N—
c c
+ +
[N Q
a 2 Silty sand & sandy silt
4 4
Clay & silty clay
Silty sand & sandy silt
5
5 -
Very dense/stiff soil
Silty sand & sandy silt
6
6 -
Sand & silty sand
T — T
0 4 6 8 10 12 14 16 18

Tip resistance (MPa)

SBTn (Robertson 1990)

Tabular results

Depth (m)

Tgpical Geotech. Section

Very dense/stiff soil

1

Clay & silty clay
2
3

Silty sand & sandy silt
4
5

Silty sand & sandy silt
6

.:: Layer No: 1 ::.

Code: 1

Description: Very dense/stiff soil

Basic results

Total cone resistance: 3.76 +1.04 MPa
Sleeve friction: 140.93 +£106.18 kPa
Ic: 2.21 £0.17

SBT: 8

SBTn description: Very dense/stiff soil

Start depth: 0.00 (m), End depth: 1.80 (m)

Estimation results

Permeability: 3.04E-06 +3.28E-06 m/s
Neo: 11.89 £3.79 blows

Es: 36.05 £12.99 MPa

Dr (%): 60.66 +8.67

¢ (degrees): 41.40 £0.93 °

Unit weight: 19.00 £0.00 kN/m3

Constrained Mod.: 49.83 £16.64 MPa
Go: 58.82 £23.63 MPa

Su: 0.00 +0.00 kPa

Su ratio: 0.00 £0.00

0.C.R.: 0.00 +0.00
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This software is licensed to: GHC-Projekt d.o.o.

CPT name: CPT 1

.:: Layer No: 2 ::.

Code: 2 Start depth: 1.80 (m), End depth: 3.40 (m)

Description: Clay & silty clay

Basic results

Total cone resistance: 2.92 +£0.62 MPa
Sleeve friction: 104.60 +47.15 kPa

Ic: 2.52 £0.12

SBT.: 4

SBTn description: Clay & silty clay

Estimation results

Permeability: 2.71E-07 +£2.26E-07 m/s
Neo: 11.00 +£1.66 blows

Es: 0.00 £0.00 MPa

Dr (%): 0.00 +0.00

@ (degrees): 0.00 £0.00 °

Unit weight: 19.00 £0.00 kN/m3

Constrained Mod.: 40.18 £8.73 MPa
Go: 62.67 £7.43 MPa

Su: 187.22 +26.54 kPa

Su ratio: 3.45 £0.64

O.C.R.: 15.94 +£2.95

.:: Layer No: 3 ::.

Code: 3 Start depth: 3.40 (m), End depth: 5.40 (m)

Description: Silty sand & sandy silt

Basic results

Total cone resistance: 7.81 +£2.43 MPa
Sleeve friction: 259.13 £120.10 kPa

Ic: 2.32 £0.07

SBTn: 5

SBTn description: Silty sand & sandy silt

Estimation results

Permeability: 8.66E-07 +£5.24E-07 m/s
Neo: 25.73 +7.38 blows

Es: 103.49 £28.99 MPa

Dr (%): 49.49 +6.04

¢ (degrees): 40.50 £1.20 °

Unit weight: 19.00 £0.00 kN/m3

Constrained Mod.: 108.17 £33.78 MPa
Go: 132.04 +35.05 MPa

Su: 0.00 +0.00 kPa

Su ratio: 0.00 £0.00

O.C.R.: 0.00 £0.00

.:i Layer No: 4 ::.

Code: 4 Start depth: 5.40 (m), End depth: 6.40 (m)

Description: Silty sand & sandy silt

Basic results

Total cone resistance: 17.35 +5.61 MPa
Sleeve friction: 400.98 +£127.76 kPa

Ic: 2.04 £0.21

SBTn: 5

SBTn description: Silty sand & sandy silt

Estimation results

Permeability: 1.09E-05 +1.04E-05 m/s
Neo: 47.00 +9.38 blows

Es: 157.98 £15.73 MPa

Dr (%): 66.64 +9.61

@ (degrees): 42.23 £0.77 °

Unit weight: 19.00 £0.00 kN/m3

Constrained Mod.: 188.88 £27.54 MPa
Go: 201.32 +£20.04 MPa

Su: 0.00 +0.00 kPa

Su ratio: 0.00 £0.00

O.C.R.: 0.00 £0.00
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GHC

GHC-Projekt d.o.o.
Pristova 8
3204 Dobrna

PROJEKT

Project:
Location:

CPT:CPT 1

Total depth: 6.60 m, Date: 27. 03. 2024
Surface Elevation: 0.00 m
Coords: X:0.00, Y:0.00

Cone Type:
Cone Operator:

Summary table of mean values

From depth Thickness  Permeability SPTneo Es Dr Friction ~ Constrained Shear Undrained Undrained OCR Unit weight
To depth (m) (m/s) (blows/30cm) (MPa) (%) angle modulus, M modulus, Go strength, Su strength (kN/m3)

(m) (MPa) (MPa) (kPa) ratio

0.00 1.80 3.04E-06 11.9 36.1 60.7 41.4 49.8 58.8 0.0 0.0 0.0 19.0
1.80 (£3.28E-06) (£3.8) (£13.0) (£8.7) (£0.9) (£16.6) (£23.6) (£0.0) (£0.0) (£0.0) (£0.0)
1.80 1.60 2.71E-07 11.0 0.0 0.0 0.0 40.2 62.7 187.2 3.5 15.9 19.0
3.40 (£2.26E-07) (£1.7) (£0.0) (£0.0) (£0.0) (£8.7) (£7.4) (£26.5) (£0.6) (£3.0) (£0.0)
3.40 2.00 8.66E-07 25.7 103.5 49.5 40.5 108.2 132.0 0.0 0.0 0.0 19.0
5.40 (£5.24E-07) (£7.4) (£29.0)  (£6.0) (£1.2) (£33.8) (£35.0) (£0.0) (£0.0) (£0.0) (£0.0)
5.40 1.00 1.09E-05 47.0 158.0 66.6 42.2 188.9 201.3 0.0 0.0 0.0 19.0
6.40 (£1.04E-05) (£9.4) (£15.7) (£9.6) (£0.8) (£27.5) (£20.0) (£0.0) (£0.0) (£0.0) (£0.0)

Depth values presented in this table are measured from free ground surface
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This software is licensed to: GHC-Projekt d.o.o.

Presented below is a list of formulas used for the estimation of various soil properties. The formulas are presented in SI unit system and assume

that all components are expressed in the same units.

:: Unit Weight, g (kN/m3) ::

g=q, ‘[0.27 log(R)+0.36 - Iog(g—t) +1.236j

a
where g,, = water unit weight

:: Permeability, k (m/s) ::
I, <3.27 and I >1.00 then k =10%%%3.041

I, <4.00 and I, >3.27 then k =10 521371

:: Nspr (blows per 30 cm) ::

NoofQe] 1
60 P, 1(01-1268-0.28171c
1

Nieo) = Qun * Tgrmss-asm,

:: Young's Modulus, Es (MPa) ::
(qt _Ov) .0.015-10055%+1.68
(applicable only to Ic < Ic_cutoff)

:: Relative Density, Dr (%) ::

100 - Qun (applicable only to SBT.: 5, 6, 7 and 8
DR or Ic < Ic_cutoff)

:: State Parameter, yp ::

W =0.56 - 0.33-109(Q r,cs )

:: Drained Friction Angle, ¢ (°) ::

¢ =@,+15.94-log(Q,, ) - 26.88
(applicable only to SBT.: 5, 6, 7 and 8 or Ic < Ic_cutoff)

:: 1-D constrained modulus, M (MPa) ::

IfI. > 2.20

a = 14 for Qn > 14
a = QunforQm =< 14
Mcpr = a*(qe — Ov)

If I > 2.20
M, =0.03 (g, - 0,)- 100-55%+1.68

References

:: Small strain shear Modulus, Go (MPa) ::

Gy =(qy —0,)-0.0188 .10 %-51+1:68

:: Shear Wave Velocity, Vs (m/s) ::

0.50
V, = (GOJ
p

:: Undrained peak shear strength, Su (kPa) ::

Ny =10.50 +7-log(F, ) or user defined

Su — (qt _Ov)
Nit

(applicable only to SBTx: 1, 2, 3, 4 and 9 or Lc > Ic cutorr)

:: Remolded undrained shear strength, Su(rem) (kPa) ::

Sufrem) = f, (applicable only to SBT.: 1, 2, 3, 4 and 9
orI. > Icfcutoff)

:: Overconsolidation Ratio, OCR ::

0.20 1.25

Kocr= m or user defined
0.25-(10.50-+7 -log(F,))

OCR:kOCR'Qtn

(applicable only to SBTx: 1, 2, 3, 4 and 9 or L. > Ic_cutorr)

:: In situ Stress Ratio, Ko ::

Ko =(1-sing')-OCRS"*

(applicable only to SBTx: 1, 2, 3, 4 and 9 or Ic > Ic_cutofr)

:: Soil Sensitivity, S; ::

_Ns
F
(applicable only to SBTx: 1, 2, 3, 4 and 9 or Ic > Ic_cutofr)

St

r

:: Peak Friction Angle, @' (°) ::

@ =29.5°-B%'?' .(0.256 +0.336 B, +10gQ, )
(applicable for 0.10<B;<1.00)

« Robertson, P.K., Cabal K.L., Guide to Cone Penetration Testing for Geotechnical Engineering, Gregg Drilling & Testing, Inc., 5™ Edition, November

2012

* Robertson, P.K., Interpretation of Cone Penetration Tests - a unified approach., Can. Geotech. J. 46(11): 1337-1355 (2009)
* N Barounis, J Philpot, Estimation of in-situ water content, void ratio, dry unit weight and porosity using CPT for saturated sands, Proc. 20th NZGS

Geotechnical Symposium

CPeT-IT v.3.6.2.6 - CPTU data presentation & interpretation software - Report created on: 27. 03. 2024, 09:49:47
Project file: D:\Onedrive\OneDrive - Raing d.o.o0\Martin\geomehanika\2024\24-1\26-1-24 Obcina Braslovée LC 490261 Prekopa-Podvrh\CPT Braslovce.cpt

20



Geolosko geotehni¢no porocilo St. naé..: GG 26/1/24

PROJEKT

R.5. ANALIZA STABILNOSTI

Geolosko geo. porocilo za LC 490261 od km 0+690 do km 1+440 stran 33 od 35



GHC | Martin Skoflek

GHC-Projekt d.o.o. Analiza stabilnosti

Slope stability analysis

Input data
Project
Task : Analiza stabilnosti

Customer : Obcina Braslovce
Author : Martin Skoflek

Date : 27.03. 2024
Project ID : GG 26-1-24
Settings

Slovenia - EN 1997
Stability analysis

Earthquake analysis : Standard
Verification methodology : according to EN 1997
Design approach : 3 - reduction of actions (GEO, STR) and soil parameters

Partial factors on actions (A)

Permanent design situation

State STR State GEO
Unfavourable Favourable Unfavourable Favourable

Permanent actions : 16 = 1.00 [] 1.00 [] 1.00 [] 1.00 [-]
Variable actions : YQ = 1.50 [-] 0.00 [] 1.30 [-] 0.00 []
Water load : Tw = 1.00 [-]

Partial factors for soil parameters (M)
Permanent design situation

Partial factor on internal friction : o = 1.25 []
Partial factor on effective cohesion : Yo = 1.25 []
Partial factor on undrained shear strength : You = 1.40 [-]
Interface

No. Interface location Coordinates of interface points [m]

X z X z X z

1 3 16.50 10.80 16.59 10.85 17.77 10.91
18.65 10.89 19.18 10.86 21.16 10.72
31.97 9.32 39.02 6.97 45.77 4.22
51.02 4.28 52.77 4.06 63.52 1.33

2 16.50 9.82 22.00 7.91 25.08 6.91
63.52 -2.88

3 16.50 8.58 22.00 6.62 25.08 4.81
39.02 0.93 63.52 -5.83

1]
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GHC-Projekt d.o.o.
ppppppp Martin Skoflek

Analiza stabilnosti

Soil parameters - effective stress state

c
No. Name Pattern i of ¥
[] [kPa] [kN/m3]
[e) ~ v
1 grusénata glina zidke do srednje gnetne konsistence — 0 — ©° — 12.00 1.00 16.00
= = —0
2 glina poltrdne do trdne konsistence B . . _ 25.00 10.00 20.00
3 preperina laporja ] 35.00 20.00 22.00
Soil parameters - uplift
No. Name Pattern 2 L "
[kN/m3] [kN/m3] [-]
(@) ~ v
1 gruScnata glina zidke do srednje gnetne konsistence — o0 — 9 — 17.00
e — . —0
2 glina poltrdne do trdne konsistence B . . 20.50
3 preperina laporja ] 22.00

Soil parameters
grusénata glina zidke do srednje gnetne konsistence

Unit weight : y = 16.00 kN/m3
Stress-state : effective

Angle of internal friction : pef = 12.00°
Cohesion of soil : Cef = 1.00 kPa
Saturated unit weight : Ysat = 17.00 kN/m3
glina poltrdne do trdne konsistence

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

Angle of internal friction : oef = 25.00°
Cohesion of soil : Cef = 10.00 kPa

Saturated unit weight : Ysat = 20.50 kN/m3

preperina laporja

Unit weight : y = 22.00 kN/m3
Stress-state : effective
Angle of internal friction : QPef = 35.00°

Cohesion of soil :
Saturated unit weight :

Cef = 20.00 kPa
ysat=  22.00 kN/m3
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GHC-Projekt d.o.o. Analiza stabilnosti
GHIC [Martin Skoflek

Assigning and surfaces

No. Surface position Coordinates of surface points [m] Assig_ned
X z X z soil

1 ' 22.00 791 25.08 6.91 grusénata glina Zidke do
63.52 -2.88 63.52 1.33 srednje gnetne konsistence
52.77 4.06 51.02 4.28 o
45.77 4.22 39.02 6.97 o —° —
31.97 9.32 21.16 1072 o 9 o o_
19.18 10.86 18.65 10.89
17.77 10.91 16.59 10.85
16.50 10.80 16.50 9.82

2 22.00 6.62 25.08 4.81 glina poltrdne do trdne
39.02 0.93 63.52 -5.83 konsistence
63.52 -2.88 25.08 6.91
22.00 7.91 16.50 982
16.50 8.58 - o _

3 39.02 0.93 25.08 4.81 . ,
22.00 662  16.50 g.5g Preperinalaporia
16.50 -10.83 63.52 1083 - — — — — — —
63.52 583

Name : Soils and assignment Stage : 1

Water

Water type : No water
Tensile crack

Tensile crack not input.
Earthquake

Earthquake not included.
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GHC-Projekt d.o.o.
GHIC | Martin Skoflek

Analiza stabilnosti

Settings of the stage of construction
Design situation : permanent

Results (Stage of construction 1)
Analysis 1 (stage 1)

Circular slip surface

Slip surface parameters

X = 44.37 [m] o1 = -29.98 [°]
Center : Angles :

z= 53.76 [m] op = 1.63 [°]
Radius : R= 49.56 [m]

The slip surface after optimization.

The restrictions of points of circular slip surface
Keep the left end point of the slip surface
Slope stability verification (Bishop)
Sum of active forces:  Fz=  216.56 kN/m
Sum of passive forces : Fp = 173.80 kN/m
Sliding moment : Mg = 10732.66 kNm/m
Resisting moment : M, = 8613.32 kNm/m
Utilization : 124.6 %
Slope stability NOT ACCEPTABLE
Name : Analysis Stage - analysis : 1 -1

I

I
I
|

4]
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GHC-Projekt d.o.o.
Martin Skoflek

Analiza stabilnosti

Input data (Stage of construction 2)

Assigning and surfaces

No. Surface position Coordinates of surface points [m] ASS|g-ned
X z X z soil
1 22.00 7.91 25.08 6.91 grusénata glina Zidke do
63.52 -2.88 63.52 1.33 srednje gnetne konsistence
52.77 4.06 51.02 4.28 o
45.77 4.22 39.02 6.97 o —° -
31.97 9.32 21.16 1072 o 9 o o_
19.18 10.86 18.65 10.89
17.77 10.91 16.59 10.85
16.50 10.80 16.50 9.82
2 22.00 6.62 25.08 4.81 glina poltrdne do trdne
39.02 0.93 63.52 -5.83 konsistence
63.52 -2.88 25.08 6.91
22.00 7.91 16.50 982
16.50 8.58 - - . _
3 39.02 0.93 25.08 4.81 reperina laporia
22.00 662  16.50 8.58 PP porl
16.50 -10.83 63.52 -1083 - — — — — — —
63.52 583
Anti-Slide piles
Anti-_SIide Point Length . Cross-section Pile bearing capacity
pile spacing
PR Max.
No. new % [m] z [m] I [m] b [m] [m] )ls;rl:;):tlm bearing Gradient Passive force
th ? capacity K [-] direction
¢ P VulkN]
1 Yes 2140 1069 9.00 1.50 d=0.80 linear 1000.00 1.00 f::)‘?lznd'cu'ar
Surcharge
Surcharge Location Origin | Length = Width | Slope Magnitude
No. Type Typ_e B d, 91, f
new change action z[m] x[m] I [m] b [m] a[] ’ F1, ’ (e unit
1 Yes stri variable on X 1=2.00 0.00  9.00 kN/m2
P terrain 18.50 ’ ’ ’
2 Yes concentrated variable on X 12050 b=0.32 65.00 kN
terrain 18.50
3 Yes concentrated variable on X 12050 b=0.32 65.00 kN
terrain 20.00
Water

Water type : No water
Tensile crack

Tensile crack not input.
Earthquake

Earthquake not included.
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GHC-Projekt d.o.o.
GHIC | Martin Skoflek

Analiza stabilnosti

Settings of the stage of construction

Design situation : permanent

Results (Stage of construction 2)

Analysis 1 (stage 2)
Circular slip surface

Slip surface parameters

X =
Center :

Z =
Radius : R =

56.72 [m] Andl a = -28.74 [°]
ngles :

78.61 [m] 9 ap = 4.43 [°]

77.30 [m]

The slip surface after optimization.

The restrictions of points of circular slip surface
Keep the left end point of the slip surface

Slope stability verification (Bishop)

Sum of active forces:  Fz=  425.19 kN/m
Sum of passive forces : Fp = 886.83 kN/m

Sliding moment : Mg
Resisting moment : Mp
Utilization : 47.9 %

Slope stability ACCEPTABLE

32867.05 kKNm/m
68552.20 kKNm/m

Name : Analysis

Stage - analysis : 2 - 1

I

\
\
\ |
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GHIC [Martin Skoflek

Slope stability analysis

Input data
Project
Task : Povratna analiza

Customer : Obcina Braslovce
Author : Martin Skoflek

Date : 27.03. 2024
Project ID : GG 26-1-24
Settings

Standard - no reduction of parameters
Stability analysis

Earthquake analysis : Standard
Verification methodology : Limit states (LSD)

Reduction coeff. of soil parameters
Permanent design situation

Reduction coeff. of internal friction : Yme = 1.00 [-]
Reduction coeff. of cohesion : Yme = 1.00 [-]
Reduction coeff. of overall stability of construction : Vs = 1.00 []
Interface
No. Interface location Coordinates of interface points [m]
X Y4 X z X Y4
1 3 16.50 10.80 16.59 10.85 17.77 10.91
18.65 10.89 19.18 10.86 21.16 10.72
31.97 9.32 39.02 6.97 45.77 4.22
51.02 4.28 52.77 4.06 63.52 1.33
2 16.50 9.82 22.00 7.91 25.08 6.91
63.52 -2.88
3 16.50 8.58 22.00 6.62 25.08 4.81
39.02 0.93 63.52 -5.83
Soil parameters - effective stress state
No. Name Pattern i b ¥
[’1 [kPa] [kN/m3]
[e) ~ ()
1 grusénata glina zidke do srednje gnetne konsistence — 0 — ° — 12.00 1.00 16.00
2 — A — O
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GHC-Projekt d.o.o.
GHIC | Martin Skoflek

Povratna analiza

c
No. Name Pattern i of ¥
[] [kPa] [kN/m3]
2 glina poltrdne do trdne konsistence B 77 77 _ 25.00 10.00 20.00
3 preperina laporja ] 35.00 20.00 22.00
Soil parameters - uplift
No. Name Pattern 2 L "
[kN/m3] [kN/m3] [-]
(@) ~ v
1 gruScnata glina zidke do srednje gnetne konsistence — o0 — 9 — 17.00
> A T O
2 glina poltrdne do trdne konsistence B 77 77 _ 20.50
3 preperina laporja ] 22.00

Soil parameters
grusénata glina zidke do srednje gnetne konsistence

Unit weight : y = 16.00 kN/m3
Stress-state : effective

Angle of internal friction : pef = 12.00°
Cohesion of soil : Cef = 1.00 kPa
Saturated unit weight : Ysat = 17.00 kN/m3
glina poltrdne do trdne konsistence

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

Angle of internal friction : oef = 25.00°
Cohesion of soil : Cef = 10.00 kPa
Saturated unit weight : Ysat = 20.50 kN/m3
preperina laporja

Unit weight : y = 22.00 kN/m3
Stress-state : effective

Angle of internal friction : pef = 35.00°
Cohesion of soil : Cef = 20.00 kPa
Saturated unit weight : Ysat = 22.00 kN/m3
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Povratna analiza

Assigning and surfaces

No. Surface position Coordinates of surface points [m] Assig_ned
X z X z soil
1 22.00 791 25.08 6.91 grusénata glina Zidke do
63.52 -2.88 63.52 1.33 srednje gnetne konsistence
52.77 4.06 51.02 4.28 o
45.77 4.22 39.02 6.97 o —° —
31.97 9.32 21.16 1072 o 9 o o_
19.18 10.86 18.65 10.89
17.77 10.91 16.59 10.85
16.50 10.80 16.50 9.82
2 22.00 6.62 25.08 4.81 glina poltrdne do trdne
39.02 0.93 63.52 -5.83 konsistence
63.52 -2.88 25.08 6.91
22.00 7.91 16.50 982
16.50 8.58 - o _
3 39.02 0.93 25.08 4.81 . ,

22.00 662  16.50 g.5g Preperinalaporia
16.50 -10.83 63.52 1083 - — — — — — —
63.52 583

Name : Soils and assignment Stage : 1

Water

Water type : No water
Tensile crack

Tensile crack not input.
Earthquake

Earthquake not included.
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Povratna analiza

Settings of the stage of construction
Design situation : permanent

Results (Stage of construction 1)

Analysis 1

Circular slip surface

Slip surface parameters

Center :

Radius :

X= 4437 [m] ar= -29.98 []]
Angles :
z=  53.76 [m] op = 1.63 [°]

R= 4956 [m]

The slip surface after optimization.

The restrictions of points of circular slip surface

Keep the left end point of the slip surface
Slope stability verification (Bishop)
Sum of active forces:  Fz=  216.56 kN/m

Sum of passive forces : Fp = 217.24 kN/m

Sliding moment : Mg
Resisting moment : Mp

10732.66 kKNm/m
10766.63 kKNm/m

Utilization : 99.7 %
Slope stability ACCEPTABLE

Name : Analysis Stage - analysis : 1 -1

I
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GHC-Projekt d.o.o.
GHC | Martin Skoflek

Analiza pilotne stene

Analysis of anti-slide pile

Input data

Task : Analiza pilotne stene
Customer : Obdina Braslovée
Author:  Martin Skoflek

Date : 27.03. 2024

Project ID : GG 26-1-24

Name : Project

Stage - analysis : 1-0

Settings
Slovenia - EN 1997

Materials and standards

Concrete structures : EN 1992-1-1 (EC2)
Coefficients EN 1992-1-1 : standard
Steel structures : EN 1993-1-1 (EC3)

Partial factor on bearing capacity of steel cross section : yyo = 1.00

Pressure analysis

Verification methodology : according to EN 1997

Active earth pressure calculation :  Coulomb

Passive earth pressure calculation : Caquot-Kerisel

Earthquake analysis : Mononobe-Okabe

Modulus of subsoil reaction : standard

Consider reduction of the modulus of subsoil reaction for a braced sheeting
Pressures below the slip surface :  standard

Design approach : 2 - reduction of actions and resistances

Partial factors on actions (A)
Permanent design situation

Unfavourable
Permanent actions : YG = 1.35 [-]

Favourable
1.00 [-]

1
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Partial factors on actions (A)

Permanent design situation
Variable actions : Yo = 1.50 -1 0.00 [-]
Water load : Yw = 1.35 [-]

Partial factors for resistances (R)
Permanent design situation
Partial factor on earth resistance : YRe = 1.40 []

Anchors
Verification methodology : Limit states (LSD)

Reduction coefficients

Reduction. coeff of steel strength : Ys = 1.35 []
Reduction coefficient of pull out resistance (soil) : Ye = 1.35 [H]
Reduction coefficient of pull out resistance (grouting) : Ye = 1.35 [-]

Geometry of structure
Structure length = 9.00 m

Cross-section name : Pile curtaind =0.80 m,a=1.50 m

Material of pile : concrete

Computed coefficient of pressure reduction below the ditch = 1.00
Area of cross-section A = 3.35E-01 m2/m
Moment of inertia | 1.34E-02 m4/m

Forces above the slip surface

Depth of slip surface hg1 = 0.50 m
Input of active horizontal force : residual active force
Input of passive horizontal force : residual passive force

Active horizontal force T 0.00 kN/m
Passive horizontal force P = 0.00 kN/m

Distribution of active force : triangle
Distribution of passive force : triangle
Material of structure

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

Concrete: C 20/25

Cylinder compressive strength fok = 20.00 MPa
Tensile strength fotm = 2.20 MPa
Elasticity modulus Ecm = 30000.00 MPa
Shear modulus G = 12500.00 MPa
Longitudinal steel: B500B

Yield strength fyk = 500.00 MPa
Transverse steel: B500B

Yield strength fyk = 500.00 MPa

Modulus of reaction
Modulus of subsoil reaction is computed by method Schmitt.

I 2|
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Basic soil parameters

c
No. Name Pattern L] ef Y Ve °
[°] [kPa] [kN/m3] [kN/m3] [°]
grudcnata glina Zidke do srednje
I T e korsictoncs 1200  1.00 16.00 700 5.0
2 glina poltrdne do trdne konsistence | 2000  10.00 20.00 10.50  10.00
3 preperina laporja 3500  20.00 22.00 12.00  0.00
Soil parameters to compute pressure at rest
T R K
No. Name Pattern ype. G v oc g
calculation [°] [-] [-] [-]
gruscnata glina Zidke do srednje . ) i i
1 gnetne konsistence cohesive 0.40
2  glina poltrdne do trdne konsistence E cohesive - 0.35 - -
3  preperina laporja cohesive - 0.30 - -
Parameters of soils to compute modulus of subsoil reaction (Schmitt)
E E
No. Name Pattern v oed def
[-] [MPa] [MPa]
grudcnata glina Zidke do srednje )
1 gnetne konsistence 0.40 1.00
2  glina poltrdne do trdne konsistence E 0.35 - 10.00
3  preperina laporja 0.30 - 100.00
Soil parameters
grusc¢nata glina zidke do srednje gnetne konsistence
Unit weight : y = 16.00 kN/m3
Stress-state : effective
Angle of internal friction : QPef = 12.00°
Cohesion of soil : Cef = 1.00 kPa
Angle of friction struc.-soil : 6 = 500°
Soil : cohesive
Poisson's ratio : v = 040
Deformation modulus : Egef= 1.00 MPa
Poisson's ratio : v = 040
Saturated unit weight : Vsat = 17.00 KN/m3
glina poltrdne do trdne konsistence
Unit weight : y = 20.00 kN/m3
Stress-state : effective
Angle of internal friction : Pef = 20.00°
Cohesion of soil : Cef = 10.00 kPa
Angle of friction struc.-soil : 6 = 10.00°
Soil : cohesive
Poisson's ratio : v = 035
Deformation modulus : Egef = 10.00 MPa
Poisson's ratio : v = 035
I 3]
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Analiza pilotne stene

Saturated unit weight : Ysat = 20.50 kN/m3
preperina laporja

Unit weight : Yy = 22.00 kN/m3
Stress-state : effective

Angle of internal friction : Pef = 35.00°
Cohesion of soil : Cef =  20.00 kPa
Angle of friction struc.-soil : o = 0.00°

Soil : cohesive

Poisson's ratio : v = 0.30
Deformation modulus : Egqef = 100.00 MPa
Poisson's ratio : v = 0.30
Saturated unit weight : Ysat =  22.00 kN/m3

Geological profile and assigned soils

Thickness of layer  Depth

No. £ [m] i Assigned soil Pattern
1 3.00 0.00 .. 3.00 gruscnata glina zidke do srednje gnetne konsistence
2 2.20 3.00 .. 5.20 glina poltrdne do trdne konsistence E
3 - 5.20..0 preperina laporja

Excavation

Soil in front of wall is excavated to a depth of 0.30 m.
Soil slope in front of structure B = -12.00 °

Terrain profile

Coordinates Depth
No.
x [m] z [m]
1 0.00 0.00
2 5.20 0.00
3 8.30 -2.60
4 9.30 -2.60

Origin [0,0] is located in upper right edge of construction.
Positive coordinate +z has downward direction.
Water influence

GWT behind the structure lies at a depth of 1.00 m
Input surface surcharges

No Surcharge Action Mag.1 Mag.2 Ord.x Length Depth
’ new change [kN/m2] [kN/m2] x [m] I [m] z [m]
1 Yes variable 9.00 0.50 2.00 on terrain
Input concentrated surcharges
No Surcharge Action Magnitude Ord.x Length Width Depth
’ new change [kN] X [m] I [m] b[m] z [m]
1 Yes variable 65.00 0.50 0.50 0.32 on terrain
2 Yes variable 65.00 2.00 0.50 0.32 on terrain
Earthquake

Factor of horizontal acceleration K, = 0.0300

4
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Analiza pilotne stene

Factor of vertical acceleration

Global settings

Ky = 0.0300
Water below the GWT is restricted.

Number of FEs to discretize wall = 100
Analysis of depending pressures : reduce according to analysis settings

Minimum pressure is considered as 0 min = 0.200,

Settings of the stage of construction

Design situation : permanent
Analysis results

Pressure above the slip surface

D Passive Active
epth
pressure pressure
[m] [kPa] [kPa]
0 0.00 0.00
0.30 0.00 0.00
0.30 0.00 0.00
0.50 0.00 0.00
Distribution of pressures acting on the structure (in front and behind the wall) - below the slip surface
Depth Ta,p Tk,p Tp,p Ta,z Tk,z Tp,z
[m] [kPa] [kPa] [kPa] [kPa] [kPa] [kPa]
0.50 -0.54 -1.86 -3.64 41.74 41.74 41.74
0.51 -1.91 -1.91 -3.70 4419 4419 4419
0.60 -2.82 -2.82 -4.79 42.77 42.77 42.77
0.60 -2.82 -2.82 -4.79 54.48 54.48 54.48
0.95 -6.02 -6.02 -8.63 47.39 47.39 47.39
1.00 -6.51 -6.51 -9.21 46.31 46.31 46.31
1.00 -6.51 -6.51 -9.21 50.10 50.10 50.10
1.11 -7.49 -7.49 -10.39 48.58 48.58 48.58
1.11 -7.50 -7.50 -10.40 48.55 48.55 48.55
1.14 -7.80 -7.80 -10.77 48.07 48.07 48.07
1.14 -7.80 -7.80 -10.77 34.99 34.99 34.99
1.42 -10.42 -10.42 -13.91 38.30 38.30 38.30
1.63 -12.36 -12.36 -16.23 40.75 40.75 40.75
1.63 -12.36 -12.36 -16.23 40.74 40.74 40.74
1.78 -13.80 -13.80 -17.96 46.73 46.73 46.73
1.89 -14.82 -14.82 -19.19 50.98 50.98 50.98
2.37 -19.23 -19.23 -24.47 69.27 69.27 69.27
2.51 -20.58 -20.58 -26.09 74.89 74.89 74.89
2.79 -23.13 -23.13 -29.14 87.15 87.15 87.15
2.79 -23.13 -23.13 -29.14 82.15 82.15 82.15
2.84 -23.63 -23.63 -29.75 84.63 84.63 84.63
2.86 -23.80 -23.80 -29.95 85.47 85.47 85.47
3.00 -25.10 -25.10 -31.51 89.49 89.49 89.49
3.00 -9.60 -20.48 -57.16 37.11 39.67 84.61
3.32 -12.74 -23.47 -64.47 48.47 48.47 93.27
3.79 -17.44 -27.96 -75.43 65.52 65.52 106.25
413 -20.84 -31.20 -83.35 77.83 77.83 115.63
4.26 -22.15 -32.45 -86.39 80.36 80.36 119.23
4.37 -23.24 -33.49 -88.92 82.47 82.47 122.24

5|
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Depth Ta,p Tk,p Tp,p Ta,z Tk,z Tp,z
[m] [kPa] [kPa] [kPa] [kPa] [kPa] [kPa]
4.74 -26.85 -36.94 -97.35 89.48 89.48 136.04
5.20 -31.45 -41.33 -108.06 98.40 98.40 153.60
5.21 -4.98 -33.88 -195.59 58.21 67.24 331.60
5.28 -5.54 -34.50 -198.46 59.16 68.54 334.46
5.68 -8.35 -37.92 -214.39 64.43 75.81 350.41
6.16 -11.66 -41.96 -233.18 70.66 84.40 369.22
6.60 -14.72 -45.70 -250.59 76.42 92.39 386.64
6.63 -14.96 -46.00 -251.98 76.88 93.02 388.03
6.75 -15.78 -46.99 -256.60 78.41 95.15 392.65
711 -18.27 -50.03 -270.77 84.21 101.66 406.84
718 -18.78 -50.66 -273.67 85.39 102.99 409.74
7.58 -21.58 -54.07 -289.57 93.65 110.31 425.65
8.05 -24.89 -58.11 -308.36 103.42 118.96 444 46
8.53 -28.20 -62.15 -327.15 113.18 127.63 463.27
9.00 -31.51 -66.19 -345.95 122.94 136.30 482.08
Distributions of the modulus of subsoil reaction and internal forces on the structure
Depth kh,p kh,z Displacement Pressure Shear Force Moment
[m] [MN/m3] [MN/m3] [mm] [kPa] [kKN/m] [KNm/m]
0.00 0.00 0.00 -18.76 0.00 0.00 -0.00
0.27 0.00 0.00 -17.83 0.00 0.00 -0.00
0.27 0.00 0.00 -17.83 0.00 0.00 -0.00
0.30 0.00 0.00 -17.75 0.00 0.00 -0.00
0.30 0.00 0.00 -17.72 0.00 0.00 0.00
0.45 0.00 0.00 -17.22 0.00 0.00 -0.00
0.50 0.00 0.00 -17.06 0.00 0.00 -0.00
0.50 0.00 0.00 -17.04 40.52 -0.16 0.00
0.90 0.00 0.00 -15.69 40.27 -17.61 3.53
1.35 0.00 0.00 -14.15 24.35 -31.75 15.00
1.80 0.00 0.00 -12.63 29.19 -43.17 31.78
2.25 0.00 0.00 -11.12 41.55 -59.09 54.58
2.70 0.00 0.00 -9.64 55.05 -80.67 85.80
3.15 0.00 0.00 -8.20 -18.13 -95.57 126.97
3.60 0.00 0.00 -6.83 -12.34 -88.72 168.34
4.05 0.00 0.00 -5.54 -6.56 -84.46 207.21
4.50 11.52 0.00 -4.35 0.11 -82.22 244.58
4.95 11.52 0.00 -3.29 16.73 -86.06 282.16
5.40 0.00 0.00 -2.37 -142.41 -59.32 318.94
5.85 0.00 0.00 -1.61 -154.35 7.46 330.81
6.30 0.00 0.00 -1.02 -166.30 79.60 311.43
6.75 196.29 0.00 -0.58 -81.79 135.48 261.31
7.20 196.29 0.00 -0.27 -17.71 157.03 194 .41
7.65 196.29 196.29 -0.06 34.18 153.82 123.65
8.10 196.29 196.29 0.09 96.66 123.71 60.15
8.55 0.00 196.29 0.21 140.30 69.05 15.98
9.00 0.00 196.29 0.31 166.51 -0.00 0.00
Maximum shear force = 158.32 kN/m

6]
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Maximum moment
Maximum displacement

Displacement in the depth of slip surface

= 330.86 kNm/m
18.8 mm
17.1 mm

Name : Analysis

Stage - analysis : 1 - -
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Dimensioning No. 1

Distribution of forces on construction

Disp. min
[mm]

Disp. max

[mm]

Shear force min.
[kN/m]

[kN/m]

Shear force max

Moment min.
[KNm/m)]

Moment max.
[kNm/m)]

0.00
0.27
0.27
0.30
0.30
0.30
0.30
0.45
0.50
0.50
0.50
0.50

-18.76
-17.83
-17.83
-17.75
-17.75
-17.72
-17.72
-17.22
-17.06
-17.06
-17.04
-17.04

-18.76
-17.83
-17.83
-17.75
-17.75
-17.72
-17.72
-17.22
-17.06
-17.06
-17.04
-17.04

0.00
0.00
0.00
0.00
-0.00
-0.00
0.00
0.00
0.00
0.00
-0.16
-0.16

0.00
0.00
0.00
0.00
-0.00
-0.00
0.00
0.00
0.00
0.00
-0.16
-0.16

-0.00
-0.00
-0.00
-0.00
-0.00
0.00
0.00
-0.00
-0.00
-0.00
0.00
0.00

-0.00
-0.00
-0.00
-0.00
-0.00
0.00
0.00
-0.00
-0.00
-0.00
0.00
0.00
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GHC-Projekt d.o.o. Analiza pilotne stene
GHC | Martin Skoflek
Disp. min = Disp. max | Shear force min. = Shear force max | Moment min. = Moment max.
[mm] [mm] [kN/m] [kN/m] [kNm/m] [kNm/m]

0.90 -15.69 -15.69 -17.61 -17.61 3.53 3.53
1.35 -14.15 -14.15 -31.75 -31.75 15.00 15.00
1.80 -12.63 -12.63 -43.17 -43.17 31.78 31.78
2.25 -11.12 -11.12 -59.09 -59.09 54.58 54.58
2.70 -9.64 -9.64 -80.67 -80.67 85.80 85.80
3.15 -8.20 -8.20 -95.57 -95.57 126.97 126.97
3.60 -6.83 -6.83 -88.72 -88.72 168.34 168.34
4.05 -5.54 -5.54 -84.46 -84.46 207.21 207.21
4.50 -4.35 -4.35 -82.22 -82.22 244.58 244.58
4.95 -3.29 -3.29 -86.06 -86.06 282.16 282.16
5.40 -2.37 -2.37 -59.32 -59.32 318.94 318.94
5.85 -1.61 -1.61 7.46 7.46 330.81 330.81
6.30 -1.02 -1.02 79.60 79.60 311.43 311.43
6.75 -0.58 -0.58 135.48 135.48 261.31 261.31
7.20 -0.27 -0.27 157.03 157.03 194.41 194.41
7.65 -0.06 -0.06 153.82 153.82 123.65 123.65
8.10 0.09 0.09 123.71 123.71 60.15 60.15
8.55 0.21 0.21 69.05 69.05 15.98 15.98
9.00 0.31 0.31 -0.00 -0.00 0.00 0.00

Maximum values of internal forces

Maximum displacement = -18.8 mm

Minimum displacement = 0.3 mm

Maximum bending moment = 330.86 kNm/m

Minimum bending moment =  0.00 kNm/m

Maximum shear force = 158.32 kN/m

Verification of RC cross section (Pile curtain d =0.80 m, a=1.50 m)
All construction stages are taken into the analysis.

Partial factor on load = 1.00

Verification of cross section in bending:

Reinforcement - 10 pc bars 28.0 mm; cover 90.0 mm

Type of structure (reinforcement ratio) : beam
Reinforcement ratio p = 0.612 % > 0.130 % = Pmin

Load : Mgq = 496.30 kNm

Bearing capacity : Mrq = 693.29 kNm

Designed pile reinforcement is SATISFACTORY
Verification of cross section in shear:

Shear reinf. - profile 8.0 mm; spacing 150.0 mm

Agw =2 x335.1 =670.2 mm2

Ultimate shear force: Vrq = 419.61 kN > 237.48 kN = VEq
Cross-section is SATISFACTORY.

Overall verification: Cross-section is SATISFACTORY

I 8

[GEOS5 - Anti-Slide Pile (64 bit) | version 5.2023.77.0 | hardware key 9183 / 4 | GHC-projekt d.o.o. | Copyright © 2023 Fine spol. s r.o. All Rights Reserved | www.finesoftware.eu]




GHC-Projekt d.o.o. Analiza pilotne stene
GHIC [ Martin Skoflek

Name : Dimensioning |Stage - analysis : 1 -1

placement Bending moment Shear force
Min1 = 33086; Min2 = 0.00kNm/m Min1 = 158.32; Min2 = -97.26kN/m
Max1 = 330.86; Max2 = 0.00kNm/m Max1 = 158.32; Max2 = -97.26kN/m

isssesesss
LSS
SRS

950!
S
X

SIS

S

s

1%

S5
SO

5
S
S
S
%

S
S
S5

S
&

s
XX
& S8
%

S5
S5
S

S
LS

5
%S

N

115832

200 [] oo 37500 75.00 120000 20000
[mm] [kNm/m] [kN/m]

of

[GEOS - Anti-Slide Pile (64 bit) | version 5.2023.77.0 | hardware key 9183 / 4 | GHC-projekt d.o.o0. | Copyright © 2023 Fine spol. s r.o. All Rights Reserved | www.finesoftware.eu]



Geolosko geotehni¢no porocilo St. naé..: GG 26/1/24

PROJEKT

G. GRAFIKE

Geolosko geo. porocilo za LC 490261 od km 0+690 do km 1+440 stran 35 od 35
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