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1. UvoD

Po naroCilu podjetja Geodrill d.o.0., je druzba GeoinZeniring d.o.0. v dneh med 2.12.2022 in 6.12.2022
na obmodju visokovodnega nasipa na desnem bregu Mure izvedla presiometrske meritve v
raziskovalnih vrtinah V-1D, V-2D, V-3, V-5, V-7 in V-10. Osnovni namen preiskav je bil ugotoviti
elasti¢ne (deformacijske) lastnosti materiala — zemljine, za kar je bil uporabljen Menardov zemljinski
presiometer. Meritve smo izvedli v skladu z veljavnimi slovenskimi standardi ter navodilom
proizvajalca opreme. Lokacije oz. globine meritev so bile dolo¢ene s strani naro¢nika, vrtalna dela je
izvajalo podjetje Geodrill d.o.o.

2. MERITVE Z MENARDOVIM PRESIOMETROM

2.1 Uporabljena oprema in postopek meritve
Meritve v zemljinah z Menardovim presiometrom so bile izvedene skladno s standardom SIST EN 1997-
2:2007 (Evrokod 7: Geotehni¢no projektiranje - 2. dei: Preiskovanje in preskusanje tal) in SIST EN ISO
22476-4:2013 (Geotehni¢no preiskovanje in preskusanje - Preskusanje na terenu - 4. del: Menardov
preskus).

Tri-celi¢ne sonde so razli¢nega tipa in premera, izbor prilagodimo glede na vrsto preiskane zemljine. Z
razli¢nimi previekami (zunanja membrana) pa dolo¢imo ob¢utljivost sistema.

V obravnavanih primerih smo uporabljali AX sondo z zunanjo za3¢itno kovinsko prerezano cevjo, ki smo
jo s pomocjo udarnega kladiva vtisnili na Zeljeno globino.

Pred merjenjem v vrtini izvedemo kalibracijo opreme in kontrolo tesnenja sistema. Ko smo sondo
namestili na mersko mesto, smo v korakih s prirastki tlaka v to¢no dolo¢enem &asovnem intervalu
obremenjevali ostenje vrtine, ob tem pa merili volumske spremembe sonde in posledi¢no deformacijo
zemljine. Obremenjevali smo toliko, da je prislo do porusitve lokalne zemljine, oz. do preseZene
dovoljene vrednosti spremembe volumna za posamezen tip sonde.

2.2 lzracun in obdelava merjenih podatkov

Na sliki 3 je prikazan tipski obremenitveno-deformacijski diagram iz katerega so izratunane mehanske
karakteristike tal. Na osnovi izmerjenih rezultatov — razmerja med pritiskom tlaka in deformacijo
ostenja vrtine, ki jih dobimo v grafi¢ni in tabelari¢ni obliki, smo dolocili vrednost Menardovega
presiometricnega modula Ew, ki je podan z izrazom:

Fleksibilna zunanja membrana:

EM =2’(1+U)‘|:Vc+l/] +V2 :I(pz _—pl)

2 (VZ—VI)

Kovinska prerezana zascitna cev:

Ey=2-(t+0)- (W, +V,)-(V,, +V,)-

(p, —p1)
(Vz _Vl)
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kjer je:
Em presiometri¢ni Menardov modul elasti¢nosti
v Poissonov koli¢nik (privzeta vrednost 0.33)
Ve volumen centralne celice po kalibraciji
Vi volumen centralne celice vklju¢no s kovinsko prerezano zas¢itno cevjo

Vi, Vo  korigiran volumen, upostevan za izra¢un modula
p1, p2  korigiran tlak, upoStevan za izracun modula

Poleg Menardovega presiometri¢énega modula direktno iz meritev podajamo tudi Menardov mejni tlak
p. (v nekateri literaturi tudi oznaka pw), to je mejni tlak odpora zemljine, ki je v primerih, kjer
porusitev direktno ni doseZena, definiran kot tlak pri dvojni vrednosti originalnega volumna na
merskem mestu.

Rezultati presiometrskih preiskav v grafi¢ni obliki so podani v prilogi P.2. Ovrednoteni rezultati iz
katerih je razvidna tudi horizontalna napetost na koti preiskave ons in ucinkovit mejni tlak na koti
preiskave p.° so podani v tabeli 3. Iz teh izvrednotenih parametrov lahko skiepamo na vrsto in
predvsem materialne lastnosti preiskanih zemljin. Tabela 1 prikazuje karakterizacijo materialov glede
na razmerje EM/pL, tabela 2 pa klasifikacija glede na konsistenco na osnovi rezultatov Menardovega
presiometra.
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Slika 1: Tipski diagram preiskave z Menardovim presiometrom
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Tabela 1: Klasifikacija materialov glede na razmerje EM/pL

material/tip Glina Melj Pesek Pesek, Grusc
Em/pL Em/pL Em/pL Em/pL
prekonsolidiran >16 >14 >12 >10
normalno konsolidiran 9-16 8-14 7-12 6-10
preperel in/ali rekonstituiran 7-9

Tabela 2: Klasifikacija glin in peskov glede na konsistenco na osnovi

rezultatov Menardovega

presiometra
GLINA PESEK
Lahko Srednje Tezko Poltrdne Trdne Rahel Srednje Gost Zelo
gnetne gnetne gnetne gost gost
pr* [MPa] 0-0,2 0,2-0,4 0,4-0,8 0,8-1,6 >1,6 0-0,5 0,5-1,5 1,5-2,5 >2,5
Em [MPa] 0-2,5 2,5-5,0 5,0-12 12-25 >25 0-3,5 3,5-12 12-22,5 | >22,5

2.3 Rezultati in analiza meritev z Menardovim presiometrom
V tabeli 3 je prikazan povzetek rezultatov izvedenih meritev z Menardovim presiometrom. Za meritve
je prikazana vrednost Menardovega presiometri¢nega modula Ev, meja plastiéne deformacije py, ter
vrednost mejnega tlaka pi. Grafi¢ni prikazi rezultatov meritev so podani v prilogi P.1.

Tabela 3: Rezulati meritev z Menardovim presiometrom

S 1::;. p1 p2 pr pi Em |Em/pi
St. | OBJEKT | Vrtina| Datum | ogdseka Litologija
[m] [MPa] | [MPa] | [MPa] | [MPa] | [MPa]

1 V-1D | 6.12.2022 2,2 0,26 | 0,74 | 1,29 | 1,90 | 22,00 | 11,61 | Pesek in melj s posameznimi ko3cki gruséa
T V-2D | 6.12.2022 2,3 0,12 | 0,20 | 0,31 | 0,52 | 3,00* | 5,77 | Pesekin meljs posameznimi ko3¢ki gruséa
Z ':::::’e': v3 [2122022| 27 | 019 | 030 | 041 | 1,09 |21,00 19,25 Rjavo-siva glina

4 bregu V-5 |5.12.2022 2,5 0,51 ! 1,00 | 1,67 | 3,00 | 41,00 | 13,67 Droben prod s peskom
_:‘»_ Mure V-7 |5.12.2022 2,8 0,29 | 0,74 | 1,10 | 1,87 | 22,00 ; 11,77 Droben prod s peskom

6 V-10 | 5.12.2022 2,0 0,24 | 0,39 | 0,62 | 1,23 | 26,00 | 21,09 | Pesek in melj z drobnim prodom in grus¢em

Analiziranih je bilo 6 meritev iz globine 2-3 m v locenih vrtinah. Sonda je bila na mesta meritev
spusena z vrtalno garnituro. Rezultati odraZajo elasti¢ne (deformacijske) lastnosti razli¢nih materialov,
na kar pa vpliva tudi razmodenost materiala zaradi bliZine povrsinskih voda. Sediment je glede na
vrednosti modula Ey in razmerja Em/pi veinoma gost in prekonsolidiran, po nizjih vrednostih pa
izstopa vrednost v vrtini V-2D, ki je vprasljiva glede na karakter opisanega materiala.

Jernej

47 inZ. geol.
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Priloga 1: Grafi¢ni prikaz meritev s presiometrom — Menard
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Soil pressuremeter measurement system

MENARD PRESSUREMETER
TEST DATA
Borehole expansion test with cyclic option
conforming to EN 1SO 22476-4 procedure B

= —_ —
Probe ID. Apageo AX TUBING & FLUIDS PARAMETERS Site RazkriZje
CELL PARAMETERS [ Coaxal | X - Nature ‘water fsounding/orehole V-1D
Type Liquid
Length Cover ] Twin | Unit weight N/dm® 9,81 g Depth (m) 2,20
§ 210mm| X Rubber Total length (m) G Nature nitrogen § [ Test date and time 6.12,2022 10:30
as
14 370 mm | Reinforced mesh 30,00 Compressibility A, (m™') 0,00016 S {Control unit code/ID Apageo CU 877
a —_— A o
Type Metallic mesh MEMBRANE PRESSURE LOSS (MPa) 0,04 ®  {Datalogger ID 3mvPMR5C-1.0-1.0
_
E I Metaliic strips PRESSURE & VOLUME LOSS CORRECTION Operator's name 88
G I X Slotted tube X [fcorrection sheet reference l PV16680 Pgn (MPa) meas./req. -0,0681 / -0,069'
— —_
FIELD DATA DATA CORRECTED from P&V losses
PRESSURES pr (MPa) VOLUMES V(1) (mL) PRESSURE VOLUME SLOPE m, CREEP +
Step P 158 [30s leos fJ1s 16 30s |e0s P (MPa) V¥ (em®) AV*™/ap v
(om’MPa) (em’) 4
1 X 0,000 | 0,000 | 0,000 | 0,000 0,0 0,2 0,0 0,0 0,031 0,0 o 0,0
2 0,076 | 0,076 | 0,076 | 0,050 | 255 | 42,1 | 538 | 504 0,017 50,4 4261 55 - D
3 X 0,114 | 0,118 | 0,120 | 0,119 § 67,8 70,8 71,0 72,8 0,062 72,8 205 0,0
4 X | 0202] 0,207 | 0200 | 0,210 805 | 81,0 | 824 | 820 0,143 82,0 125 05 .
5 X 032003420340 | 0,337 | 016 | 04,2 | 948 | 053 0,258 05,2 107 0,5
6 X 0,484 | 0,408 | 0,501 | 0,495 § 105,0 | 107,5 | 108,4 | 109,2 0,404 109,0 05 0,8
7 X 0,683 | 0,604 | 0,702 | 0,602 § 120,5 | 122,0 | 124,3 | 1251 0,580 124,9 88 08 Local. system Ix =
8 X 0,868 | 0,871 | 0,865 | 0,854 § 136,8 | 137,4 | 138,3 | 138,7 0,740 138,5 89 0,5 Y =
9 X 1,053 | 1,081 | 1,084 | 1,083 { 149,3 | 152,4 | 163,8 | 1554 0,037 1585,1 84 1,8 Drilling rig
10 X 1,286 | 1,281 | 1,270 | 1,276 § 1706 | 1753 | 177,6 | 170,7 1,135 170,3 122 21 Drilling method L
Udarno rotacijsko
1 X | 1,468 | 1,485 | 1,401 | 1,491 || 1633 | 201,3 | 208,5 | 212,2 1,332 21,7 165 56 w (table C abbreviations)
12 K | 4,880} 1,707 | 1,718 | 1,726 [} 226,7 | 243,1 | 254,2 | 280,0 4,536 288,5 274 14,8 g Oriling to0! type Jedmik
ing tool
13 X 1,883 | 1,002 ; 1,015 | 1,028 § 2016 | 309,3 } 326,2 | 356,0 1,705 355,4 522 20,0 E 5 | diameter (mm) 66
14 S Drilling fluid -
15 Casing foot at (m depth) -
16 from level (m) -
Drilling length N
17 before testing to level (m)
18 time completed -
19
20
21 EIastIQ-S
22 Gracen D.O.0.
23 Krivec 92
24 1000 LJUBLJANA - SLOVENIA
25
—_—
900 RESULTS
..... SR e = R = —
. P1 (MPa) 0,258
! H P2 (MPa) 0,740
] H MPa 1,203
800 |ooeooeienes s : L) :
B H p. (MPa) 1,895
H ! Ew (MPa) 22
700 - - : s i
' H ADDITIONAL MODULI
' index |p; (MPa) v; (MPa) |p;(MPa) v;(Mpa) En (MPa)
600 e e H
500 : L
I | E
E s i
3 e :
300 Betic an s me casma e s b e
. EXTRAPOLATION METHODS PARAMETERS
1 —
A -5,1030E-03
s B 1,15637E-02
— —
A1l 4,8143E+01
A2 5,3781E+01
double A3 4,1684E-01
hyperb
olic A4 6,1478E+01
— A5 2,5780E-02
0 A6 1,0897E+00

pressure (MPa)

all
X creep borders

=== double hyperbolic

¢ included
——creep regression

@ limit point

--&-creep
® creep point

=#=modulus

COMMENTS

Material: Pesek in melj s posameznimi ko#ki grud&a




E I as t l Q _ S MENARD PRESSUREMETER
TEST DATA
. Borehole expansion test with cyclic option
Soil pressuremeter measurement system conforming to EN ISO 22476-4 procedure B
= —
Probe ID.: Apageo AX TUBING & FLUIDS PARAMETERS Site RazkriZje
CELL PARAMETERS Type [ Coaxal | X Liquid Nature water {Sounding/borehole V-2D
Length Cover | Twin | Unit weight N/dm® 9,81 © [Depth (m) 2,30
§ 20mm] X Rubbor Total length (m) . Neturs Titrogen £ Ifestdate and time 6.12.2022 9:35
2 0mm | Reinforoed mesh 30,00 Gompressiilty X, (m") 0,00016 £ [Control unit code/iD Apageo CU 877
—= 1 o
Type Metalic mesh MEMBRANE PRESSURE LOSS (MPa) 0,04 @  ¥Data logger ID 3mvPMR5C-1.0-1.0
E] Metalic strips = PRESSURE & VOLUME LOSS CORRECTION Operator's name s§
G ] X Slotted tube X [Jcorrection sheet reference | PV16680 P (MPa) meas./req. -0,058 1 -0,068
— —
FIELD DATA DATA CORRECTED from P&V iosses
PRESSURES pr (MPa) VOLUMES V(t) (mL) PRESSURE VOLUME SLOPE m, ‘CREEP 5 +
step | 'd 1s  |15s |sos |eos f1s |16s |30s |60s ' (MPa) v (em) e | ave A )
(cm’/MPa) (em?) ] | 0
1 X | 0,000 0,000 | 0,000 0000f 00 | 00 | 01 [ 01 0,032 0,1 ) 0,0 E
2 X | 0,081 | 0,084 | 0,088 | 0000 | 200 | 37,2 | 48,1 | 550 0,054 54,0 2600 60 3 = Zu -
3 Xx | o181] o186 0187 | 0187 700 | 786 | 827 | 863 0,118 86,2 486 35
4 | x | 020803080310 011 1063 | 1103 | 127.0 | 1338 0,202 1337 564 2N | | Z .
5 X | 0302 0,308 | 0,307 | 0,307 }} 150,5 | 150,3 | 1652 | 171, 0,262 171,0 626 50
[ X | 0502] 0510 0515 | 0,515 ) 191,8 | 2045 | 2155 | 220,1 0,347 220,0 677 13,7
7 x | o604 0616 | 0626 | 0628 § 2506 | 2634 | 278,1 | 304,3 0,426 304,1 056 26,2 Local. system  |X =
] x ! oess| o608l 0701|0707 K 3200 | 3425 } 3611 | 3895 0,473 380,3 1803 28,4 v =
9 Drilling rig
o Drilligimethed Udarno rotacijsko
11 w (table C abbreviations)
ki % Drilling tool "f”e Jecmik
13 g | diameter (mm) €6
14 @ Drilling fluid -
15 Casing foot at (m depth) -
16 from level (m) -
17 1 B’;grm‘; to level (m) B
18 time completed -
19
20
21 EIastIQ—S
22 Gracen D.O.O.
23 Krivec 02
24 1000 LJUBLJANA - SLOVENIA
25
RESULTS
900 [ ' { pr (MPa) 0,118
: P2 (MPa) 0,202
200 i or (MPa) 0,308
p. (MPa) 0,520
Ey (MPa) 3
T S
H ADDITIONAL MODULI
index |p; (MPa) v; (MPa) |p; (MPa) v;(Mpa) } Em (MPa)
600 - - cmmmrmadni e canan P ceenmam—n A O 1
500 feooeoeoenies e
=
E
E T T s S I
5] :
300 ..................
EXTRAPOLATION METHODS PARAMETERS ]
it A 1,4237E-02
s B 9,3225E-03
= —
Al 6,4429E+00
""""""""""" A2 4,9158E+02
:;;1:": A3 9,8845E-15
olic A4 9,8431E+00
T —_— A5 3,2373E-02
0,6 A6 5,3842E-01
2100 Lreeememm e m g e cme e e :._._._,._..v......i
pressure (MPa)
COMMENTS
all @ included --#-creep Material: pesek in melj s posameznimi kod&ki grusta
X creep borders —creep regression ® creep point
== double hyperbolic @ limit point «it=modulus




ElastlQ-S

Soil pressuremeter measurement system

MENARD PRESSUREMETER

Borehole expansion test with cyclic option

TEST DATA

conforming to EN ISO 224764 procedure B

Probe ID.: Apageo AX TUBING & FLUIDS PARAMETERS [ Tsite Razkrizje
CELL PARAMETERS T ] Coaxial l X Nature water { Sounding/borehole V-3
ype Liquid
Length Cover | Twin | Unit weight Nidm® 9,81 ) Depth (m) 2,70
§ 210 mm i X Rubber Total length (m) Gas Nature nitrogen g 'Test date and time 2.12.2022 11:55
g 370 mm | Reinforced mesh 30,00 || Compressiblty, (m™) 0,00016 3 Control unit code/ID Apageo CU 877
Type Metalic mesh MEMBRANE PRESSURE LOSS (MPa) 0,04 @  {Data logger ID 3mvPMR5C-1.0-1.0
E | Metalic strips “PRESSURE & VOLUME LOSS CORRECTION Operator's name F1)
G ' X Slotted tube X [lcorrection sheet reference | PV16680 Pan (MPa) meas./req. -0,047 1 -0,064,
—_— S—
FIELD DATA DATA CORRECTED from P&V losses
PRESSURES pr (MPa) 'VOLUMES V(t) (mL) PRESSURE VOLUME SLOPE m, CREEP +
Step ‘d 1s 158 |30s [60s f1s 15s [30s |60s P (MPa) V* (em®) av*"™iap ave
(cm*/MPa) (em) []
1 X | 0,000 | 0,000 | 0,001 | 0000 01 | 02 | 01 | 01 0,037 0,1 0 0,0
2 0,053 | 0,040 | 0,048 | 0,045 | 153 | 260 | 330 | 381 0,032 38,1 -8568 42 s
3 X | 0117 ] 0121 [ 0122 | 04121 § 476 | 403 | 40,7 | 500 0,004 49,8 191 0,3
4 X o217} 022202220222 530 | 546 | 548 | 551 0,189 55,0 54 0,3 -
5 X | 0340 0347 | 0,346 | 0,343 || 61,2 | 620 | 638 | 64,6 0,300 84,5 86 0,8
6 X | o480 | 0408 | 0501 | 0407 | 77,7 | 844 | 886 | 018 0,427 01,6 214 31
7 X | 0674 0684 0687 | 0688 || 1088 | 1105 1202 | 146,2 0,574 146,0 370 17,0 Local. system  |X =
8 X | 0827 0,828 | 0826 | 0,835 | 160,5 | 1833 | 107,8 | 225,8 0,374 226,5 7 28,0 \4
9 X | 0028 0045 0,084 | 0,004 § 2505 | 2705 | 207.4 | 3263 0,787 326,0 881 28,0 Drilling rig
10 X | 1,072 ] 1,085 | 1,073 | 1,088 § 3516 | 304,14 | 3754 | 304,6 0,857 304,3 088 19,2 Drilling method
Udarno rotacijsko
11 w (table C sbbreviations)
12 % Drilling tool [ oPe Jedmik
13 g ,?ametef (mm) 68
“ @ Drilling fluid R
15 Casing foot at (m depth) -
16 from level (m) -
7 E;';:?e"(:’:ﬁ; to level (m) B
18 time completed -
19
20
21 EIastIQ-S
22 Gracen D.0.O.
23 Krivec 62
24 1000 LJUBLJANA - SLOVENIA
25
—
RESULTS
800 R H Ty v : Pt (MPa). 0,189
i i ; i ; b2 (MPa) 0,300
pr (MPa) 0,408
700 p (MPa) 1,091
Ey (MPa) 21
600 ADDITIONAL MODULI
index  |p; (MPa) v, (MPa) |p; (MPa) v;(Mpa) [ Enm (MPa)
500
-
:E" 400
o
£
® 300
: EXTRAPOLATION METHODS PARAMETERS
200 B SR / i SRR Sl m A -1,05?5-02
N B 1,1478E-02
L= e mc——
A A1 -3,5912E+05
A2 -1,8624E+04
i double A3 8,9337E+00
¥, Puperd A4 7,1367E+06
— A5 -2,3039E-02
4 06 08 L0 42 A6 1,9863E+01

X

creep borders

===double hyperbolic

pressure (MPa)

# included

——creep regression

@ limit point

--4-creep
® creep point

=#=modulus

COMMENTS

Material: Rjavo-siva glina




ElastlQ-S

Soil pressuremeter measurement system

MENARD PRESSUREMETER
TEST DATA
Borehole expansion iest with cyclic option
conforming to EN SO 22476-4 procedure B

—————
Probe ID.: Apageo AX TUBING & FLUIDS PARAMETERS Site (Razkrizje) Mote
CELL PARAMETERS [ Coaxiel | X i Nature water Sounding/borehole V-5
Type Liquid
Length Cover r Twin | Unit weight N/dm® 9,81 © [Depth (m) 2,50
% Zomm ] X Rubber Total length (m) R Neturs irogen £ [Festaaeandime 5.12.2022 13:00
as
E 370 mm| Reinforced mesh 30,00 Compressibility . (m™) 0,00016 § [Control unit code/ID Apageo CU 877
—
Type Metallic mesh MEMBRANE PRESSURE LOSS (MPa) 0,04 @ [Data logger ID 3mvPMR5C-1.0-1.0
e e
E Metallic strips PRESSURE & VOLUME LOSS CORRECTION Operator's name ()
G| x Slotted tube X fcorrection sheet reference | PV16680 Pyn (MPa) meas./req. -0,061 ! -0,088
—_— e
FIELD DATA DATA CORRECTED from P&V losses
—e
PRESSURES pr (MPa) VOLUMES V(t) (mL) PRESSURE VOLUME SLOPE m, CREEP
Step a |18 15s  [30s 60s [1s 15s [ 30s [60s P (MPa) V* (em’) AV™™ap Avee
(cm*/MPa) (ecmY
1 X | 0,000 | 0,000 | 0,000 [-0001§ 00 | 00 | 01 | 08 0,032 0,8 372 0,0
2 0,061 | 0,055 | 0,051 | 0,051 | 207 | 330 | 450 | 56,2 0,015 56,2 -3222 11,3
3 X | o136 ] 0147 0151 [ o152 f 703 | 760 | 785 | 801 0,000 80,1 316 16
4 X | 0247 ] 0253 0252 | 0,251 | 80,5 | 920 | 026 | 030 0,178 03,0 148 05
5 X | 0408 | 0417 | 0,418 | 0,414 | 103,3 | 1053 | 1050 | 1083 0,320 108,2 87 0,4
) x | o600 | 0,603} 0,607 | 0,600 | 1151 | 116,3 | 1160 | 1173 0,508 17,1 62 0,4
7 X | 0827 ] 0844 | 0,847 | 0,844 | 126,1 | 1276 | 128,1 | 1287 0,741 128,4 48 05 Local. system  |X =
] K| 1,067 | 1412 | 1,413 ; 1,408 | 137,56 | 1368 | 1404 | 141, 0,908 140,8 48 0,7 v =
9 x | 1300 1,317 | 1,310 | 1,315 | 1480 | 1505 | 1514 | 1523 1,195 151,9 56 0,0 Drilling rig
10 X | 1563 ] 1,580 | 1,588 | 1,584 | 161,5 | 164,0 | 166,8 | 168,8 1,453 168,3 64 2,0 Drilling method .
Udrano rotacijsko
11 X | 1760 | 1,757 | 1,758 | 1,755 | 176,0 | 180,0 | 1820 | 1828 1,615 182,0 85 0,3 w (table C abbreviations)
12 X | 1,078 | 1,082 | 1,083 | 1,082 y 1028 | 1075 | 2027 | 2057 1,820 205,1 108 3,0 g Driling too! | type Jedmik
13 X | 2262 | 2,286 | 2,205 | 2,300 § 218,3 | 227,4 | 235.4 | 2425 2,128 2418 123 71 y "o | diameter (mm) 66
14 2 Drilling fluid -
15 Casing foot at (m depth) -
18 from level (m) -
Drilling length -
7 before testing 1o level (m)
18 time completed -
19
20
21 EIastIQ-S
22 Gracen D.0.O.
23 Krivec 92
24 1000 LJUBLJANA - SLOVENIA
25
e
500 RESULTS
i in i e g e -
! by (MPa) 0,506
i b, (MPa) 0,006
i MPa 1,665
P10 0 B R TP eseserirmmnnnas P ) :
i P (MPa) 3,000
Ey (MPa) 4
1T C T
H ADDITIONAL MODULI
H index  |pi (MPa) v; (MPa) |p; (MPa) v;(Mpa) | Em (MPa)
L et SIS
i
L e SEIT P e -
=
E
£ 400
2
300 |fooveeeeeeeeneanhes
EXTRAPOLATION METHODS PARAMETERS
— e
Inverse A -2,5365E-03
volume
s B 9,7317E-03
= —
Al 4,6640E+01
A2 1,9193E+01
double A3 1,8262E+00
hyperb
olic A4 1,7173E+02
! A5 1,3796E-02
0j0 0;5 1,0 15 2,0 2,5 3,0 35 A6 3,2315E+00
-100 - SRS, H s Fase s RETe T TS E RS
pressure (MPa)
COMMENTS
all & included --&-creep Material: droben prod s peskom

X creep borders

=== double hyperbolic

——creep regression

® limit point

® creep point

=#=modulus




ElastlQ-S

Soil pressuremeter measurement system

MENARD PRESSUREMETER

Borehole expansion test with cyclic option
conforming to EN ISO 22476-4 procedure B

TEST DATA

— — S
Probe ID.: Apageo AX TUBING & FLUIDS PARAMETERS Tsie (RazkriZje) Krapje
CELL PARAMETERS ! Coaxial | X Nature water Sounding/borehole V-7
Type - Liquid
w Length Cover Twin [ Unit weight N/dm® 9,81 Depth (m) 2,80
2 20mm [ x Rubber Total length (m) e Nature nitrogen g Test date and time 5.12.2022 11:40
as
[3 370 mm | Reinforced mesh 30,00 Compressibility A, (m™) 0,00016 S [Control unit code/ID Apageo CU 877
a —_— L o
Type Metalic mesh MEMBRANE PRESSURE LOSS (MPa) 0,04 &  fData logger ID 3mvPMR5C-1.0-1.0
—
E | Metalic strips PRESSURE & VOLUME LOSS CORRECTION Operator's name 1]
e[ x Slotted tube X [fcorrection sheet reference | PV16680 Pyn (MPa) meas./req. 0,054 I -0,063
—— —
FIELD DATA DATA CORRECTED from P&V losses
PRESSURES pr (MPa) 'VOLUMES V(t) (mL) PRESSURE VOLUME SLOPE- m CREEP +
Step a |'® 15s 30s [60s [1s 15s 30s [60s P (MPa) V* (em’) AV""™/Ap Vol
N
e e | o
1 x | 0000 | 0,000 | 0,022 | 0010f 00 | 02 | 01 | 13 0,046 1.3 156 1.4 E
2 0,006 | 0,065 | 0,003 | 0,084 | 221 | 356 | 458 | 51,7 0,03 517 5082 59 3 . D
3 X | o0151] 0158} 0160 | 0,162 | 636 | 686 | 670 | 60,0 0,115 60,0 218 11
4 X | 0254 | 0,260 | 0,264 | 0,258 | 775 | 800 | 810 | 81,8 0,100 81,6 150 06 -
5 X | o0353] 0358 0358|0366 887 | 90,1 | 008 | 014 0,287 01,3 100 0,5
] X | 053 | 0530 | 0530 | 0,528 | 101,0 | 104,0 | 105,1 | 106,0 0,448 105,8 02 0,0
7 X | o0eso| 0670 0673 | 0667 1154 | 116,7 | 1171 | 117,5 0,576 17,3 80 0,4 Local. system  |X =
3 X 10838 | 0841|0840 0837 f 1263 | 128,7 | 131,8 | 130,7 0,735 130,4 82 ER) \%
9 X 0,905 | 1,000 | 0,007 | 0,000 { 138,4 | 142,0 | 144,6 | 146,0 0,877 145,7 108 15 Drilling rig
10 X | 1215 | 1,233 | 1,238 | 1,237 | 1576 | 184,6 | 169,1 | 1738 1,106 1734 121 a7 Drilling method
Udarno rotacijsko
1 X | 1412 ] 1,427 | 1,432 | 1,433 | 184,8 | 102,5 | 108,33 | 205,5 1,283 205,1 170 7.3 w (table C abbreviations)
12 X | 1,844 1,873 | 1,684 | 1,600 | 222,2 | 230,68 | 240,4 | 257,5 514 257,0 225 7,2 g Driing teol 1 type Jedrniic
rillin, F
13 x | 1873} 1,800 | 1,012 | 1,023 | 2740 | 286,8 | 208,1 | 3104 1,720 3188 200 21,3 w 9 | diameter (mm) 66
14 X [ 1070 1,073 ] 1,077 | 1,081 | 3352 | 344,6 | 3544 | 3718 1,758 371,2 1383 174 2 Drilling fluid N
15 Casing foot at (m depth) -
16 from level (m) -
Drilling length N
17 before testing to level (m)
18 time completed -
19
20
= ElastlQ-S
22 Gracen D.O.O.
23 Krivec 92
24 1000 LJUBLJANA - SLOVENIA
25
—
. RESULTS
J g o3 Sss I ety i —_—
! ! H p1 (MPa) 0,287
¢ i : H P2 (MPa) 0,735
pr (MPa) 1,102
: P (MPa) 1,869
i Ew (MPa) 22
i ADDITIONAL MODULI
index  |p; (MPa) v; (MPa) [p; (MPa) v;(Mpa) | En (MPa)
=
£
@
13
2
EXTRAPOLATION METHODS PARAMETERS |
M-
nverse A -4,4822E-03
volume
N B 1,0699E-02
— s ————
A1 4,6813E+01
A2 9,1744E+01
double A3 -3,8624E-14
hyperb
olic A4 2,3947E+01
A5 4,5742E-02
0,0 05 10 15 2j0 A6 7,9106E+00
2100 Leseeemeremem e S et -
pressure (MPa)
COMMENTS
all # included --&-creep Material: droben prod s peskom

X creep borders

== double hyperbolic

—creep regression

® limit point

@ creep point

=#=modulus




ElastlQ-S

Soil pressuremeter measurement system

MENARD PRESSUREMETER
TEST DATA
Borehole expansion test with cyclic option
conforming to EN ISO 22476-4 procedure B

Probs ID.- Apageo AX TUBING & FLUIDS PARAMETERS [ [oe (RazkriZje) Krapje
CELL PARAMETERS e T Coaial | X L Nature water Sounding/borehole V-10
Length Cover | Twin | Unit weight N/dm® 9,81 o [pesth (m) 2,00
Féf 20mm| X Rubber Total length (m) o Neture mitrogen E [Test date and time 5.12.2022 10:17
E 370 mm | Reinforced mesh 30,00 Cwnp:ssibilky 2y (M) 0,00016 g [Control unit code/ID Apageo CU 877
Type Metalic mesh MEMBRANE PRESSURE LOSS (MPa) 0,04 @ [Data logger ID 3mvPMR5C-1.0-1.0
£] Metalic stips PRESSURE & VOLUME LOSS CORRECTION Operator's name 38
c| x Slotted tube X [fcorrection sheet reference | PV16680 Pyn (MPa) meas./req. 0,060 1 0,071
— S—
FIELD DATA DATA CORRECTED from P&V losses
PRESSURES pr (MPa) 'VOLUMES V(t) (mL) VOLUME SLOP_ETI\ CREEP +
swp [0e[73T 155 [s0s [e0s [1s 165 [30s [e0s » (P Ve (e ap | ave
(cm’/MPa) (em?) 3 [
1 X 0,000 | 0,000 | 0,000 | 0,000 0,1 0,0 0,0 0,3 0,028 0,3 1304 0,3 E
2 0,085 | 0,050 | 0,056 | 0,055 | 21,4 | 326 | 423 | 547 0,016 54,8 4126 12.4 =] .
3 X 0,140 | 0,141 | 0,144 | 0,146 81,0 61,3 61,5 61,7 0,100 61,6 83 0,2
4 X 0,276 | 0,288 | 0,202 | 0,204 66,3 67,1 87,3 67,8 0,241 67,7 43 0,5 -
5 X | 0431 | 0452 | 0,454 [ 0,453 745 | 765 | 775 | 782 0,380 78.1 70 08
) X | 0667 | 0,602 | 0,600 | 0,700 || 00,3 | 054 | 8.2 | 1015 0,624 101,3 90 33
7 X 0,873 | 0,880 | 0,884 | 0,886 | 116,8 | 126,2 | 133,3 | 1421 0,768 141,8 281 8,8 Local. system X =
8 X 0,982 ! 0,904 ! 1,000 | 1,008 § 1554 | 168,3 | 177,3 { 198,0 0,852 197,7 662 20,7 |Y E]
) X | 1126 | 1,941 | 1,151 | 1,164 | 220,2 | 206,3 | 251,7 | 280,3 0,060 2700 701 26,6 Drilling rig
10 1,252 | 1,240 | 1,276 | 1,184 | 3006 | 302,0 | 3435 | 367.4 0,655 367,0 5050 23,0 Drilling method -
Udarno rotacijsko
1 w (table C abbreviations)
12 % Drilling tool | tylpe dedrrik
13 g | diameter (mm) 66
14 o Drilling fluid -
15 Casing foot at (m depth) -
16 from level (m) -
17 mgzﬁ: to level (m) B
18 time completed -
19
20
21 EIaStlQ'S
22 Gracen D.0.O.
23 Krivec 02
24 . 1000 LJUBLJANA - SLOVENIA
25
—
RESULTS
o Py (MPa) 0,241
: P2 (MPa) 0,389
pr(MPa) 0,617
b (MPa) 1,233
Ey (MPa) 26
"ADDITIONAL MODULI
""""""" index  |p; (MPa) v; (MPa) |p; (MPa) v;(Mpa) Em (MPa)
=
E
g 400 -
H
= EXTRAPOLATION METHODS PARAMETERS
Tverse A 1,6962E-02
volume B 1,0867E-02
I s
Al 2,8165E+02
A2 ~3,9251E+02
double A3 4,8168E+00
---------------- e A4 6,6769E 102
—_ A5 ~1,3573E-02
A6 1,6737E+00
i
06 08 1,0 1,4 COMMENTS

X creep borders

=== cdouble hyperbolic

—— creep regression

¢ included

© limit point

pressure (MPa)
-~ creep

@ creep point

=#=modulus

Material: pesek in melj z drobnim prodom in gru€¢em




