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GEO012-01-2024 VRHNIKA
2 HALI Tojnice OPPN

0BJEKT: ~ OPPN VRHNIKA-TOJNICE, 2 HALI

T.1 TEHNICNO POROCILO

T.1.1. SPLOSNO

Za potrebe nacrtovanja temeljenja dveh industrijskih objektov v Tojnicah - parc. §t. 2708/39 in
2708/21, obe k.o. Vrhnika, smo za fazo OPPN in IZP izvedli dve staticni konusni penetraciji
(CPTu) na lokaciji predvidene gradnje.

Namen raziskav tal je bil dolociti geotehniCne lastnosti temeljnih tal za temeljenje objektov in
izvedbe zunanje ureditve.

-

Slika 1: Lokacija, zasnova predvidene gradnje in izvedenih sond

T.1.2. TERENSKE PREISKAVE

T.1.2.1 Pregled opravljenih preiskav na vplivni okolici

Na sami lokaciji OPPN ni bilo, po nam znanih podatkih, izvedenih nobenih geotehni¢nih
raziskav. V nasem arhivu smo nasli CPT in DMT sonde v blizini, na lokaciji KEMIS in na drugi
strani avtoceste P+R Vrhnika.
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T.1.2.2

Raziskovalna dela
Preiskave tal, ki so se izvedle 14.03.2024, so prikazane v preglednici 1 in na sliki 1.

Preglednica 1. Pregled izvedenih preiskav tal

Oznaka Datum Globina Lokacija
sondiranja SemelrEme NMV
[m] X y
CPTu-1 14.03.2024 26.2 290.60 446490.39 93156.70
CPTu-2 14.03.2024 30.2 290.32 446591.39 93210.07
T.1.2.3 Geotehni¢ne meritve

Pri izvedbi CPTu sond so bili merjeni konusni odpori, trenje in porni tlaki talne vode v zemljini.
Izvedeni so bili tudi testi upadanja pornih tlakov oz. »disipacijski testic. Namen CPTu
preiskave je dolocitev slojevitosti in geomehanske parametre tal.

Za preiskavo uporabljamo stroj za vtiskanje (penetrometer) TG 63-150 proizvajalca PAGANI,
opremljenega z merilno konico povrsine 10cm?:

Instrumentirana merilna konica omogoca:

- merjenje odpora pod konico gc do 50 oz. 100 MPa

- merjenje trenja po plaséu fs do 1.6 MPa

- merjenje pornih tlakov (nastavek namescéen za konusno konico) u2 do 2.5 MPa
- merjenje odklona sonde do 20°

Merilna konica se preko drogovja vtiska v zemljino s hitrostjo 2+0,2 cm/s. Merjene parametre
s sonde ter impulznega oddajnika za globino smo preko elektronske enote spremljali na
posebnem racunalniku, kjer se je v globinskih intervalih po 1.0 cm vrSilo shranjevanje
podatkov za nadaljnjo obdelavo.

Preiskave smo opravili skladno s standardoma SIST EN 1997-2:2007 in oSIST pr EN ISO
22467-1:2005.

RACUNALNIK

GLOBINOMER

GPS/GPRS
ANTENA

—_ MERILNA
KONICA

Slika 2: TGASOQ7 sistem za zajem podatkov pri izvajanju CPTu preiskave
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Obdelavo izmerjenih vrednosti smo izvedli s programsko opremo CPeT-IT (ver. 2.3.1.9).
Postopek obdelave merjenih podatkov, korekcije in postopki izraCunavanja geomehanskih
parametrov  in  klasifikacije ~ zemljin, so razvidni na  spletnem  naslovu:
http://www.geologismiki.gr/Documents/CPeT-IT/HTML/index.html.

T.1.2.4 Inzenirsko-geoloski pregled terena
Gradnja industrijskih objektov je predvidena na severovzhodnem delu Vrhnike. Obravnavano
obmocgje se nahaja na desni strani avtoceste, ki poteka med Vrhniko in Ljubljano.

Temeljna tla so sestavljena iz pretezno materialov kvartarne starosti. To so nanosi rek in
potokov (al) na kraskih poljih in ravnicah ter jezerske in barske usedline (j) znotraj
Ljubljanskega barja. Na barju ter v njegovi okolici se pojavljajo debelejSe plasti glin, ki so
mestoma prekinjene s tanjSimi plastmi peska, mivke in proda.

Na lokaciji je ve€ kot dvajset metrov aluvialnih zemljin, ki lezijo na podlagi iz dolomitnega
apnenca.

Slika 3: Lokacija na geoloski karti Slovenije (vir: https://ogk100.geo-zs.si/)

T.1.3. GEOTEHNICNE RAZMERE

T.1.3.1 Geotehniéni pregled posameznih slojev

Podrocje je relativno ravno, zatravljeno, na severu in jugu deloma porasceno z grmi¢evjem in
drevesi. ViSinska kota obstojeCega terena je cca. +290.5m NMV, na vzhodni strani
obravnavanega podrocja je Pot na Tojnice, ki je na koti cca +292.0m NMV. Temeljna tla so
sestavljena iz tipinih slojev zidke in lahko gnetne meljne gline z organskimi primesmi in
slojev meljne gline s peskom, ki ima viSje trdnostne karakteristike, ki se z globino povecujejo.
Podlago tvorita preperina apnenca in kompaktni dolomitni apnenec.
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Preglednica 2: Tipi€na sestava in geotehni¢ni opis tal

Sloj ‘ Glob. Opis sestave tal
m Od kote +290.5
1 0-0,3 HUMUS
Barjanska meljna glina, Zidke
03— do lahkognetne konsistence,
2 4 5’ (6.5) prekinjena s peS¢enim 0,3 10-20 | >2 21 15 <1E-9| 1-2
’ ’ slojem.
(MH/CH)
Meljna glina lahkognetne
konsistence, s tankimi sloji
) peska, ki z globino pridobiva ) :
3 6,5-20 na trdnostnih 1-2 80 >2 23 8 <lE-9| >2
karakteristikah.
(CL/ML - (SM))
Meljna glina srednje do
20 - tezkognetne konsistence,
4 |26 (29,5)| prekinjena s sloji peska. 2 >100 | >2 | 26 15 1E-8| >2
(CL/ML/SM)
> 26 Preperina apnenca in
5 kompaktni dolomitni >20 >39
(29,5)
apnenec

Globina zagetka nosilnega sloja preperelega apnenca, iz jugozahoda proti severovzhodu
naras¢a. Kota zacetka nosilne podlage je predvidoma nekje med +260,5m NMV in +265,0m

NMV.
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Slika 4: Tipi¢en vzdolZni geotehnicni presek na lokaciji

T.1.3.2

Seizmi¢nost terena

Po slovenskem pred standardu SIST ENV 1998-1-1 ; 2000 in nove karte potresne nevarnosti
Slovenije (2021), ki uposSteva povratno dobo potresov 475 let, spada obravnavana lokacija v

podrocje z vrednostjo projektnega pospeska ag= 0.250g.

Tip tal uvr§¢amo po EC8 v razred D
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POTRESNA NEVARNOST SLOVENIJE - PR
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|l

| 0,100 0,125 0,150 0,175 0200 0,225 0.250 0.275 0.300 0,325 [g]

| Veicina na karti: projekini pospesek tal [g]

| Povratna doba: 475 let

| Veretnost prekoracitve vrednost na kart: 10 % v 50 letih
| Vrsta tal rdna ta (i tal A po ECS)
{

je treba uvrstit v obmoga 2 vetjo o
| projekinega pospedka tal.

| Kartasey skupaj s Tolmagem (aviorji: B. Sket Motnikar,
| P Zupancit, M. Zivtic. J. Atanackov, P. Jamek Rupnik, M. Carman,
| V. Kastelic, A. Gosar)

| Leto izdelave: 2021
4540 =

prostor, Agenciia okole.

| Design ground acceleration
| Return period: 475 yoars
| ECB ground type: A (rock o frm sail)

B " X Regublike Siovenije, Drzavna pregledna karta Sovetile 1:500.000. 2021
13°30' 14 14730 15 15°30° 16° 16°30°

Slika 5: Nova karta potresne nevarnosti Slovenije (2021)

Po nasih arhivskih podatkih je bila v bliZini, na podro¢ju objekta KEMIS, izvedena SDMT
sonda za meritve striznih valov, ki v glini izkazuje hitrosti striznih valov vs = 120 m/s za sloj
gline do cca. 15m - 20m in vs = 220 m/s za sloj gline v spodnjem delu (nad kompaktno
podlago).

T.1.3.3 HidrogeolosSke razmere

Talna voda je ob dezevju na povrSini in na globini obodnih melioracijskih in kanalizacijskih
jarkov.

V koherentnih in nekoherentnih slojih smo izvedli nekaj testov upadanja pornih tlakov
(disipacijski testi).

Talna voda v vseh nekoherentnih slojih izkazuje sub arteSko stanje. Nivo sub arteSkega tlaka
v vseh pescenih slojih je do cca. 1 - 1.5 m nad terenom 0z. sega od kote cca. +291.5 do +292
m NMV. To se je pokazalo tudi med samim sondiranjem na CPTu-2, ko je po izvleku sonde iz
zemljine zacela iztekati voda. Odprtino smo zaprli.
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Piezocone Dissipation Test: CPT2
Depth: 21.80 (m)
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Slika 6: Disipacijski test na globini 21.8m na lokaciji sonde CPTu-2

Pri sondi CPTu-1 je bil opravljen disipacijski test v glineni zemljini na globini cca. 10.5m, ki

izkazuje, da je talna voda prisotna na globini cca. 1.4 m od povrs§ja.

Obmodje je pri sedanjih kotah terena na lokaciji 10 letnih, 100 letnih in 500 letnih poplav (vir:
Agencija RD za okolje - Atlas okolja, marec 2024), kar je razvidno iz spodnje slike.

Slika 7: Podrocje 10 (temno modro), 100 (modro) in 500 letnih poplav (svetlo modro)
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T.1.4 ZASNOVA TEMELJENJA

T.1.4.1 Opis naértovanega posega in konstrukcije
Predvideva se postavitev 2 objektov. Etaznost stavb na obmocju je P, na delu objekta pa
P+1.

NADSTROPJE

S : JFT

3

L

Slika 8: Tloris in zasnova predvidene gradnje

Koto vrha talne ploS&e objektov smo privzeli na koto dovozne ceste na +292.00 m NMV, kar
je cca. 1.5m nad koto ras€enega terena. Zunanja ureditev med objekti bo predvidoma na koti
vrha talne plosce.

T.1.4.2 Uporabljeni standardi
Geotehnicni nacrt je pripravljen skladno z evropskim standardom Evrokod 7-1 za geotehni¢no
projektiranje (SIST EN 1997 -1: 2005).

T.1.4.3 Primernost lokacije
Lokacija je ob ustrezni izvedbi oz. temeljenju ustrezna za nacrtovano gradnjo.
Objekt je z vidika temeljenja uvrS§&en v kategorijo 2 do 3.

Dopustna obremenitev tal za plitvo temeljenje brez dodatnih ukrepov je Gyop (MSU)<=60 kPa.

Zaradi slabe nosilnost tal in posedkov v primeru plitvega temeljena, se bo gradnja izvajala na
predobremenjenih konsolidiranih tleh ali na pilotih.

T.1.4.4 Posedki objektov
Posedki zunanje ureditve, zaradi predvidoma dodatnega nasipa debeline cca. 1.5m, do nivoja
obodne ceste, bodo v rangu 10 — 15cm.
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Na lokaciji plitvo temeljenega objekta pa bi bili posedki Se vedji, za dodatno obremenitev
zaradi objekta.

Glede na izkusnje na lokaciji pri€akujemo, da se bo 80-90% posedkov izvedlo v 100-200 dni
od nanosa obtezbe.

Posedki novih objektov, ki bodo temeljeni na pilotih, bodo odvisni od dolzine pilotov, izvedenih
v temeljna tla.

T.1.5 GEOTEHNICNI MONITORING
Na nove objekte v okviru OPPN Vrhnika-Tojnice je potrebno takoj po izvedbi vgraditi reperje
in opazovati premike.

Posedanje nasipov in predobremenilnih nasipov je potrebno geodetsko spremljati in
ugotavljati stopnjo konsolidacije.

T.1.6 ZAKLJUCEK

Za potrebe nacrtovanja temeljenja dveh industrijskih objektov v Tojnicah - parc. §t. 2708/39 in
2708/21, obe k.o. Vrhnika, smo za fazo OPPN in I1ZP izvedli dve staticni konusni penetraciji
(CPTu) na lokaciji predvidene gradnje.

Temeljna tla so sestavljena iz pretezno materialov kvartarne starosti. To so nanosi rek in
potokov (al) na kraskih poljih in ravnicah ter jezerske in barske usedline (j) znotraj
Ljubljanskega barja. Na barju ter v njegovi okolici se pojavljajo debelejSe plasti glin, ki so
mestoma prekinjene s tanjSimi plastmi peska, mivke in proda.

Podroéje je relativno ravno, zatravljeno, na severu in jugu deloma poras€eno z grmicevjem in
drevesi. ViSinska kota obstojeCega terena je cca. +290.5m NMV, na vzhodni strani
obravnavanega podrocja je Pot na Tojnice, ki je na koti cca +292.0m NMV. Temeljna tla so
sestavljena iz tipi€nih slojev Zidke in lahkognetne meljne gline z organskimi primesmi in slojev
meljne gline s peskom, ki ima vi§je trdnostne karakteristike, ki se z globino povecujejo.
Podlago tvorita preperina apnenca in kompaktni dolomitni apnenec.

Talna voda je ob deZevju na povrSini in na globini obodnih melioracijskih in kanalizacijskih
jarkov. Talna voda v vseh nekoherentnih slojih izkazuje sub arteSko stanje.

Zaradi slabe nosilnost tal in velikih ter neenakomernih posedkov v primeru plitvega temeljena,
se bo gradnja izvajala na predobremenjenih konsolidiranih tleh ali na pilotih.

V primeru tezjega in/ali na diferenCne posedke obcutljivega objekta, se priporoca temeljenje
na pilotih, kjer pa je pred izdelavo PZI potrebno pod vogali objektov, kjer raziskave Se niso
izvedene, izvesti CPTu sondiranje, vrtino ali kombinacijo nastetih preiskav do nosilne podlage
apnenca za lokalno preverbo zacCetka nosilnega sloja in dolo€itev karakteristik zemljin.

Za izvedbo predobremenitve in/ali pilotiranja je potrebno izdelati ustrezen nacrt.

Ob izvedbi del temeljenja je potreben geotehnini nadzor.

Gorazd STRNISA, univ.dipl.inZ.grad.
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SLP d.o.o. Ljubljana
=

contact@slp-pile.com

Project:

Location:

Ljubljana .
www.slp-pile.com

INDUSTRIJSKA HALA "SISTEKO"
Obrtna cona Tojnice - Vrhnika

Ulica Gradnikove brigade 4, SI-1000 Ljubljana

CPT: CPT1

Total depth: 25.88 m, Date: 14 Mar 2024

Surface Elevation: 290.60 m
Coords: X:446490.39, Y:93156.70
Cone Type: MKJ367

Cone Operator: PL & MP

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
distance (one lag is the distance between two sucessive CPT measurements).
Cross correlation between qc & fs

Pressure (kPa)
the field). X axes presents the lag
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Project:

Ljubljana

SLP d.o.o. Ljubljana

Ulica Gradnikove brigade 4, SI-1000 Ljubljana

contact@slp-pile.com
www.slp-pile.com

INDUSTRIJSKA HALA "SISTEKO"

Location: Obrtna cona Tojnice - Vrhnika

CPT: CPT1

Total depth: 25.88 m, Date: 14 Mar 2024
Surface Elevation: 290.60 m

Coords: X:446490.39, Y:93156.70

Cone Type: MKJ367

Cone Operator: PL & MP

Norm. Soil Behaviour Type
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Fuzzy classifiaction legend
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. Highly probable sandy soil

CPeT-IT v.3.9.2.15 - CPTU data presentation & interpretation software - Report created on: 29 Mar 2024, 09:12:27

P-7 2

Project file: Z:\projekti\2024\24 - 12 VRHNIKA 2 HALI Tojnice STUDIO 108 Jurij OVEN (3657 )\3 - Delo\1-CPT\CPT014-2024 -Tojnice.cpt



doo.

Ljubljana

Project:
Location:

SLP d.o.o. Ljubljana

Ulica Gradnikove brigade 4, SI-1000 Ljubljana
contact@slp-pile.com

www.slp-pile.com

INDUSTRIJSKA HALA "SISTEKO"
Obrtna cona Tojnice - Vrhnika

CPT: CPT1

Total depth: 25.88 m, Date: 14 Mar 2024
Surface Elevation: 290.60 m

Coords: X:446490.39, Y:93156.70

Cone Type: MKJ367

Cone Operator: PL & MP
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Cone resistance qt

1

1 ¢

1\

-
\

1 £
~2

0 N O U A WN - O

e
o ©

e
iy

=
w N

£
A

=
[5; BN

Jury
(o)}

o

e
N

[y
¢4}

N =
o ©

NN
N =

N
w

N
N

N
vl

ah

NN
N O

NN
O

w
o

w
-

0.1

Tip resistance (MPa)

1 10

Friction ratio

Pore pressure u

0 0
1 - 1- b, 4
7 3K
3 3
= A
5] 5
s R
18 113
! il
8 8
9] 9-
10—: 10:_ -
11 114 :
12 12
] ? ]
13 13
’8‘14'1-’ ’E‘14'
~ 15 2 ~ 157 |
= ‘) I= i '|
%16_ §16_
017‘%’_ 017-.9
- - ﬁ
18 18
] ] | f
19 19
20: 20: N
21 21 r's
5o o =
23 — 23—’%%
24 — 24 |
25 25] ¥
26—- - Ze:ﬂ-niq
27: 27:
28 28
29 297
304 304
31 — . 31 LY

o

2 4 6 8
Rf (%)

10

0

500 1,000 1,500

Pressure (kPa)

Depth (m)

SBT Index Soil Behaviour Type

0 0
1 1 Clay
Sensitive fine grained
2 2
3 3 Sensitive fine drained
Silty sand & sandy silt
4 4
5 5 Sensitive fine grained
Clay &silty cla
6 6 Sensitive fine grained
7 7 Clay &silty cla
° ° g
9 9 y
10 10 g: &silty cla
11 11 Y
12 12 (‘I\Jl&ci]_(\’/r‘lnl
13 13 Si sanTmFyTlW
14 ’E‘ 14
15 _\:’ 15 Cla i
16 | 16 Sil
[0} Cl
17 Q17 Cle
18 18 (‘!lv&ﬁ y cla |
X . Camioe
ilty sand & sandy si
20 20 Clay & si
21 21 Clay &si
Clay & silty cla
22 22 Clay &sity clay
23 23 P %
y & silty cla
24 24 Sil)ty san# & sandy silt
25 25 Sand & silty sand
26 26
27 27
28 28
29 29
30 30
31 31 T T T T T T T T T

0 2 4 6 8 10 12 14 16 18
SBT (Robertson, 2010)

I(SBT)
SBT legend
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SLP d.o.0. Ljubljana CPT: CPT1

S — Ulica Gradniko_ve brigade 4, SI-1000 Ljubljana Total depth: 25.88 m, Date: 14 Mar 2024
Ljubljana contact@slp-pile.com Surface Elevation: 290.60 m
www.slp-pile.com

Coords: X:446490.39, Y:93156.70
Project: INDUSTRIJSKA HALA "SISTEKO" Cone Type: MKJ367
Location: Obrtna cona Tojnice - Vrhnika Cone Operator: PL & MP

Dissipation Tests Results

Dissipation tests

Dissipation tests consists of stopping the piezocone penetration and observing porepressures (u) with elapsed time (t).
The data are automatic recorded by the field computer and should take place until a minimum of 50% dissipation.

The porepressures are plotted as a function of square root of (t). The graphical technique suggested by Robertson and
Campanella (1989), yields a value for ts5;, which corresponds to the time for 50% consolidation.

The value of the coefficient of consolidation in the radial or horizontal direction ¢, was then calculated by Houlsby and
Teh's (1988) theory using the following equation:

_ Txr?xL*®
LT
t50

where:
T: time factor given by Houlsby and Teh's (1988) theory corresponding to the porepressure position
r: piezocone radius

I,: stiffness index, equal to shear modulus G divided by the undrained strength of clay (S,).
t5o: time corresponding to 50% consolidation

Permeability estimates based on dissipation test

The dissipation of pore pressures during a CPTu dissipation test is controlled by the coefficient of consolidation in the
horizontal direction (c,) which is influenced by a combination of the soil permeability (k) and compressibility (M), as
defined by the following:

where: M is the 1-D constrained modulus and y,, is the unit weight of water, in compatible units.

Tabular results

CPTU Depth (ts0)°5° tso tso G/S Ch Ch M Kn
Borehole (m) 50 (s) (years) u (m?/s) (m?/year) (MPa) (m/s)
CPT1 10.47 36.7 1347 4.27E-005 364.36 1.16E-006 37 13.66 8.35E-010
CPT1 25.88 6.4 41 1.31E-006 100.00 1.98E-005 625 232.78 8.35E-010
CPeT-IT v.3.9.2.15 - CPTU data presentation & interpretation software - Report created on: 29 Mar 2024, 09:12:27 P-9 4
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This software is licensed to: SLP d.o.o. Ljubljana CPT name: CPT1

Piezocone Dissipation Test: CPT1

Depth: 10.47 (m) Pore pressure
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This software is licensed to: SLP d.o.o. Ljubljana CPT name: CPT1

Piezocone Dissipation Test: CPT1

Depth: 25.88 (m) Pore pressure
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SLP d.o.o. Ljubljana CPT: CPT1

S —) Ulica Gradnikoye brigade 4, SI-1000 Ljubljana Total depth: 25.88 m, Date: 14 Mar 2024
= Tiabhana contadi@sl.;ln-plle.com Surface Elevation: 290.60 m
www.slp-pile.com Coords: X:446490.39, Y:93156.70
Project: INDUSTRIJSKA HALA "SISTEKO" Cone Type: MKJ1367
Location: Obrtna cona Tojnice - Vrhnika Cone Operator: PL & MP
Depth (m) Elevation: 290.60 (m) Description gt (MPa)| Ksbt (m/s)| N60 |Es(MPa)| Dr |Phi(°)|M (MPa)|Go (MPa)| Su (kPa) [Suratio| OCR | Gamma
&N/m3)
v g Clay &silty clay 0.4 1.03E-6 1.6 - - - 5.4 8.3 27.1 1.9 8.8 15.2
1
2 Clay &silty clay 0.2 2.40E-8 1.0 - - - 1.7 4.8 14.5 0.6 2.8 13.7
3 Silty sand & sandy silt 1.0 4.46E-6 3.3 16.8 34.6 | 33.6 11.0 13.1 - - - 15.1
4 Clay &silty clay 0.4 5.05E-8 2.0 - - - 3.2 7.2 23.7 0.6 2.9 13.8
5
6
. Clay &silty clay 0.9 7.39E-8 | 3.7 - - - 10.8 18.4 56.2 1.1 5.2 15.8
8
9 Clay &silty clay 1.4 7.63E8 | 6.1 - - - 15.0 28.6 82.5 0.9 4.3 16.2
10
11
12 g
13
14 §
15 §
16
17
18
19
20
21 Clay &silty clay 2.8 2.46E-7 | 11.3 - - - 32.8 57.6 151.1 1.1 4.9 17.4
22
23
24
25 Silty sand & sandy silt 12.5 | 2.08E5 | 32.7 123.4 | 52.7 | 38.2 | 118.7 140.9 - - - 19.1
26
27
28
29
30
on 10 1 2 3 4
Tip resistance (MPa) Ic
P'12 7
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SLP d.o.o. Ljubljana CPT: CPT1

S = Ulica Gradnikove brigade 4, SI-1000 Ljubljana Total depth: 25.88 m, Date: 14 Mar 2024
e contactl@sll?-pile.com Surface Elevation: 290.60 m
www.sip-prie.com Coords: X:446490.39, Y:93156.70
Project: INDUSTRIJSKA HALA "SISTEKO" Cone Type: MKJ367
Location: Obrtna cona Tojnice - Vrhnika Cone Operator: PL & MP
Cone resistance qt Friction ratio Pore pressure u SBT Index Soil Behaviour Type
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SLP d.o.o. Ljubljana CPT: CPT1

S = Ulica Gradnikove brigade 4, SI-1000 Ljubljana Total depth: 25.88 m, Date: 14 Mar 2024
e contactl@sllrl)-plle.com Surface Elevation: 290.60 m
www.slp-pile.com
PP Coords: X:446490.39, Y:93156.70
Project: INDUSTRIJSKA HALA "SISTEKO" Cone Type: MKJ367
Location: Obrtna cona Tojnice - Vrhnika Cone Operator: PL & MP
Cone resistance qt Constrained Modulus Shear strength OCR Soil Behaviour Type
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S doo.

SLP d.o.o. Ljubljana
Ulica Gradnikove brigade 4, SI-1000 Ljubljana
contact@slp-pile.com

Ljubljana .
www.slp-pile.com

CPT: CPT2

Total depth: 30.04 m, Date: 14 Mar 2024

Surface Elevation: 290.32 m
Coords: X:446591.39, Y:93210.07

Project: INDUSTRIJSKA HALA "SISTEKO" Cone Type: MKJ1033
Location: Obrtna cona Tojnice - Vrhnika Cone Operator: PL & MP
Cone resistance Sleeve friction Pore pressure
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Friction (kPa)

Pressure (kPa)

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

— 1 r 1 v 1 r 1 r T Tt T v 1 T T T 1
-18 -16 -14 -12 -10 -8 -6

CPeT-IT v.3.9.2.15 - CPTU data presentation & interpretation software - Report created on: 29 Mar 2024, 09:12:28 15

Project file: Z:\projekti\2024\24 - 12 VRHNIKA 2 HALI Tojnice STUDIO 108 Jurij OVEN (3657 )\3 - Delo\1-CPT\CPT014-2024 -Tojnice.cpt



doo.

Project:

Ljubljana

SLP d.o.o. Ljubljana

Ulica Gradnikove brigade 4, SI-1000 Ljubljana

contact@slp-pile.com
www.slp-pile.com

INDUSTRIJSKA HALA "SISTEKO"

Location: Obrtna cona Tojnice - Vrhnika

CPT: CPT2

Total depth: 30.04 m, Date: 14 Mar 2024
Surface Elevation: 290.32 m

Coords: X:446591.39, Y:93210.07

Cone Type: MKJ1033

Cone Operator: PL & MP

Norm. Soil Behaviour Type

Fuzzy Classification

0 0
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5 5
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E 14 E 14
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SBTn (Robertson 1990) Probability of Soil Types (%)
Fuzzy classifiaction legend
. Highly probable clayey soil
. Highly probable mixture soil
. Highly probable sandy soil
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SLP d.o.o. Ljubljana

5 =) Ulica Gradnikove brigade 4, SI-1000 Ljubljana
contact@slp-pile.com
Ljubljana .
www.slp-pile.com

Project: INDUSTRIJSKA HALA "SISTEKO"
Location: Obrtna cona Tojnice - Vrhnika

CPT: CPT2

Total depth: 30.04 m, Date: 14 Mar 2024
Surface Elevation: 290.32 m

Coords: X:446591.39, Y:93210.07

Cone Type: MKJ1033

Cone Operator: PL & MP

Cone resistance qt Friction ratio Pore pressure u SBT Index Soil Behaviour Type
0 0 0 0 0
> ? ] %‘J'—' g ;- X )
] ] i Cl
2 2 2 T 2 2 Y
3 3 3] 3 3 Clay &silty cla
4 4] 4- |.'¥F 4 4 Qo
5 5 — 5 5 5 Clay
6 1 \3 6 7 6 1 | L 6 6 Clav
I : 11 T .
7 7 7 7 7 Clay
8 r ) 8 8- L } 8 8 Clay
9] 9] 9 | ; 9 9 (‘Iv&ﬁ:lijyrla
E E - I| \ Clay & silty cla:
10 = 10 10 || 10 10
11 ; 114 11 | ‘ 11 11
12 12 12 ] 12 12
13 13 13 ‘g 13 13 Clay &silty cla
£ 14 3 € 14 € 144 & c 14 c 14
~ 15 ~ 15 ~ 15 ~ 15 ~ 15
£, £..1 2 £ . £ £
a 8 16 a 16 o 16 a 16 Silty sand & sandy si
] 1 9] 1 [ b || [ 9] ) )
(&) 17 F [a) 17 () 17 l (&) 17 (&) 17 S bdllJ&bdldyb
18 { 18 18 | . 18 18 C;R&;ybia k
19 19 19 { 19 19 Silty sand & sandy sil
20 .’ 20 f 20 20 20
21 21 21 ri 21 21
22 {_}-B-— 22 22 Dissi 22 22
23 23 23 - 23 23
24 — 244 24 24 24
25 ‘J 25 25 { 25 25
26 26 26 26 26
274 E 27 274 Ii \c 27 27 SilL,'u"”u”"y*ilL—
28 r 28 28 .| 28 28
29 2 29 29 || 29 29 ndy sitt—|
30 ? 30 30 - 30 30
31 31— . . . . 31 L 31 31 11T —
0.1 1 10 0 2 4 6 8 10 0 500 1,000 1,500 0O 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. Clayeysilttosilty clay  [] 7. Gravely sand to sand
[l 2 Organic material ] 5. silty sand to sandy silt [ 8. Very stiff sand to clayey sand
Il 3. Clay tosilty clay [0 6. Clean sand to silty sand  [] 9. very stiff fine grained
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S — Ulica Gradniko_ve brigade 4, SI-1000 Ljubljana Total depth: 30.04 m, Date: 14 Mar 2024
Tjubljana contact@sl_p-plle.com Surface Elevation: 290.32 m

www.slp-pile.com Coords: X:446591.39, Y:93210.07

Project: INDUSTRIJSKA HALA "SISTEKO" Cone Type: MKJ1033
Location: Obrtna cona Tojnice - Vrhnika Cone Operator: PL & MP

Dissipation Tests Results

Dissipation tests

Dissipation tests consists of stopping the piezocone penetration and observing porepressures (u) with elapsed time (t).
The data are automatic recorded by the field computer and should take place until a minimum of 50% dissipation.

The porepressures are plotted as a function of square root of (t). The graphical technique suggested by Robertson and
Campanella (1989), yields a value for ts5;, which corresponds to the time for 50% consolidation.

The value of the coefficient of consolidation in the radial or horizontal direction ¢, was then calculated by Houlsby and
Teh's (1988) theory using the following equation:

_ Txr? xI°%°
LR LNl
t50

where:
T: time factor given by Houlsby and Teh's (1988) theory corresponding to the porepressure position
r: piezocone radius

I,: stiffness index, equal to shear modulus G divided by the undrained strength of clay (S,).
t5o: time corresponding to 50% consolidation

Permeability estimates based on dissipation test

The dissipation of pore pressures during a CPTu dissipation test is controlled by the coefficient of consolidation in the
horizontal direction (c,) which is influenced by a combination of the soil permeability (k) and compressibility (M), as
defined by the following:

where: M is the 1-D constrained modulus and y,, is the unit weight of water, in compatible units.

Tabular results

CPTU Depth (ts0)°5° tso tso G/S Ch Ch M Kn
Borehole (m) 50 (s) (years) u (m?/s) (m?/year) (MPa) (m/s)
CPT2 21.80 13.0 168 5.33E-006 100.00 4.88E-006 154 95.41 5.01E-010 |
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CPT name: CPT2

Piezocone Dissipation Test: CPT2
Depth: 21.80 (m)

Pore pressure
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SLP d.o.o. Ljubljana

S —) Ulica Gradnikove brigade 4, SI-1000 Ljubljana
= contact@slp-pile.com
Ljubljana X
www.slp-pile.com

Project: INDUSTRIJSKA HALA "SISTEKO"
Location: Obrtna cona Tojnice - Vrhnika

CPT: CPT2
Total depth: 30.04 m, Date: 14 Mar 2024
Surface Elevation: 290.32 m
Coords: X:446591.39, Y:93210.07
Cone Type: MKJ1033
Cone Operator: PL & MP

Depth (m) Elevation: 290.32 (m) Description gt (MPa)| Ksbt (m/s)| N60 |Es(MPa)| Dr |Phi(°)|M (MPa)|Go (MPa)| Su (kPa) |Suratio| OCR S{m
i Clay 0.6 9.63E-8 2.4 - - - 7.9 13.0 40.6 4.0 18.4 164 |
; Clay &silty clay 0.3 2.11E-8 1.3 - - - 3.5 7.4 20.4 0.9 4.0 14.6
3 Silty sand & sandy silt 0.9 9.85E-7 3.2 17.3 319 | 34.1 11.3 13.8 - - - 15.4
4 Clay &silty clay 0.5 7.08E-8 2.3 - - - 5.1 9.6 25.4 0.8 3.5 14.6
. Clay &silty clay 1.4 4.83E-8 6.3 - - - 15.0 31.8 85.3 1.0 4.7 16.6
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
2 Silty sand & sandy silt 6.8 5.01E-6 | 21.3 87.2 | 399 36.6 | 782 101.5 - - - 18.8
23 Clay 22 1.73E-8 10.4 - - - 20.4 58.9 128.0 0.8 3.7 17.5
2 | Silty sanfj & sandy silt 7.9 5.55E-6 | 25.0 125.7 | 50.0 | 38.6 | 88.5 124.6 - - - 19.1
Clay &silty clay 2.3 2.94E-8 10.8 - - - 18.8 56.7 129.7 0.7 3.2 17.1
25
26
27
28
29
30 Clay 1.7 3.65E-9 9.3 - - - 6.7 48.5 82.6 0.4 1.8 16.7
on 10 1 2 3 4
Tip resistance (MPa) Ic
P-20 20
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SLP d.o.o. Ljubljana CPT: CPT2
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Project: INDUSTRIJSKA HALA "SISTEKO" Cone Type: MKJ1033
Location: Obrtna cona Tojnice - Vrhnika Cone Operator: PL & MP
]
Cone resistance qt Friction ratio Pore pressure u SBT Index Soil Behaviour Type
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20 4 20 f 20 |. '? 20 20 $i{ﬂy““ sandy st
] ] ] Clay & silty cla
21 L 214 21 - £ 21 21 Ciay&sm i
22 22 22 1SS 22 22 Sand & silty sal
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28_ % 28_ (‘ 28_ ( 28 28 a &zmy?l’:yyf
ay
291 29 297 29 29 Clay &silty cla
30 § 30 30 30 30
31 T 31 T T T T T 31 - 31 31 1
0.1 1 10 0 2 4 6 8 10 0 500 1,000 1,500 1 2 3 4 0 2 4 6 81012141618
Tip resistance (MPa) Rf (%) Pressure (kPa) I(SBT) SBT (Robertson, 2010)
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SLP d.o.o. Ljubljana CPT: CPT2

S = Ulica Gradnikove brigade 4, SI-1000 Ljubljana Total depth: 30.04 m, Date: 14 Mar 2024
e contactl@sI.rIJ-plle.com Surface Elevation: 290.32 m
www.sip-ptie.com Coords: X:446591.39, Y:93210.07
Project: INDUSTRIJSKA HALA "SISTEKO" Cone Type: MKJ1033
Location: Obrtna cona Tojnice - Vrhnika Cone Operator: PL & MP
Cone resistance qt Constrained Modulus Shear strength OCR Soil Behaviour Type
0 0 0 0 0
] ] 1 = Su peak 1
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2 2 - 2 2 2
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i J E b Clay
47 4 2 g} i ('2 ; Gy s
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7 7 7 7 7 Clay
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23—_ 23—_ 23—_ 23—_ 23 Clay & silty clay
24 242 24 24 24 Sand & silty sand
b b 1 1 Silty sand & sandy st
254 254 251 25 25 Silty sand & sandy s|It
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] ] ] ] lay & silty clay
29 29 29 E 29 E — Clay & silty clay
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31 T 31 A 31 T 31 T 31 T
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Tip resistance (MPa) M(CPT) (MPa) Su (kPa) OCR SBT (Robertson, 2010)
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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~Iog(Rf)+0.36‘Iog(gt)+1.236j

a
where g,, = water unit weight

:: Permeability, k (m/s) ::
I, <3.27 and I >1.00 then k =10%%23.041

I, <4.00 and I, >3.27 then k =10™#52137L

:: Nspr (blows per 30 cm) ::

N Ge] 1
60 P, 1Q11268-0.28171,
1

Nig0) = Qun - 101-1268-0.28171;
:: Young's Modulus, Es (MPa) ::
(9,-0,) -0.015.10%55%+168

(applicable only to Ic < Ic_cutor)
:: Relative Density, Dr (%) ::

(applicable only to SBT.: 5, 6, 7 and 8
orl < Icfcutoff)

100 - %
DR

:: State Parameter, g ::

@ =0.56-0.33109(Q s )

:: Drained Friction Angle, ¢ (°) ::

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

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

If I. > 2.20

a = 14 for Qn > 14
a = Qun for Qu < 14
Mcpr = a'(qt — Ov)

IfIc 2 2.20
M.,=0.03-(q, - 0,) 10055 Tc+1.68

References

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

Gy =(q, —0,)-0.0188 .10 %551 +1.68

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

0.50
f3)
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 Ic > Ic_cutofr)

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

(applicable only to SBT.: 1, 2, 3, 4 and 9

S =f,
U(l’em) s or Ic > Ic_cutoff)

:: Overconsolidation Ratio, OCR ::

0.20 1.25

tn

Knrn=
OC®™10.25-(10.50- +7 -log(F,))
OCR:kOCR'Qtn

or user defined

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

:: 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: ::

N
S, =—S
COF

r

(applicable only to SBTn: 1, 2, 3, 4 and 9 or I > Ic cytoff)

:: Peak Friction Angle, @ (°) ::

¢ =29.5°-B2'2! .(0.256+0.336 B, +l0gQ, )
(applicable for 0.10<B,<1.00)

e 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
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