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Figure 1: geometry and the mesh of the Model

e Dpgods S o la i polie aziye sl 48,8 s jho (Sbilyyaee diie Of Jladliie gilufae gl 5o

Loyl 88l 2o lade .0uo,8 cdld 8Lol sdine ol [lid & jgods (goae Jow ,0 sdate ol Hlad yolis’y skl S i yo

SISl 4yl el 53 pobaly S aolo L o el (Ko) 095l jo ST Lily JLid oy 3 ol i
IVl ge cansay 5 dlalae &j504; (OCR) (K28l o Soni iy Sl 5 (91 550

K, =(1-sing’)OCR*™" ™



)‘)3 oolazwl S0 u.onS ém‘ uylﬁ 5‘;19 Ja...?uo 9 055)"" C.'a«; 99 O ‘;»Lo.a 9 g0 ‘;»Lm )L.ﬁ) LS)L&A}J\M Ls‘)"
o 35 (o by G5 T gl ol b gills oo 4255 158 jio aslllas ol 5o STkl cypd e - calacd 5

¢ =as) ™
[\I\]mlsa Cawdds )J) 64}44‘) )‘ASW‘ MtS) LS]"“"‘)"" O!guu) S ‘;M Ca sd.]a.J‘) u.)‘ )¢4§
S
a=013-In-% \R
Pa

Jo,).'ﬁco b,.o.’ 6)MJM ‘5|).3 oolasw! Syg90 6)L23) Joo -Y-Y

Joe 3l oy sloSE LE5des BB (oileand (uizen 9 (SB Lo o 16 S- 55 508, Gl jekaieds caalllas () o
S9y 2 0 oz Olpis 15U g &5 ol Glp Wl oo Jow ol elosds ssliiul (MCC) Yoaispdlal IS - o5 (5,13,
-0 Pl @ wllas ol Aol 0 5 slagsy 0,5 )18 eolaiul o090 sy o Sl (55900 (L g Cueglie § ez sla Tg
&z o yLid 0 pgase e 1l oS lele )l (ol 0gd o iy yaS V-Ing/ slas 3«6,k Jowe onl & bgyye sla il )y o]
oS SR oy Canglie (S AS= 1S (o sla sl 5l eolanul b ‘YQLM@U G ys7medan JLid bl & gl g — p'[VFlslas
DIVl ge sy 5 galal; Gl

A-K

1 RY 4 )
Su = E M GVo (1+ ZKO)(EJ
DV oo Comsty 25 sabuly SIM 57 Uion@gBln Sov iy Con R g o6 Jige 25 Oy calaly cnl po oS
M = 63i(1¢’ )
3-sing’
PV oS dls 5 sabaly 5l Gl oo | codo ozl
K—A

| _(3-6v)(1ve)(RY+ )
' M (l+ U)K‘ 2
25 saaly Glhas jogase e [V]cwload a8 57 1a5y0 /Y ol 55 adlllae (plge (8 ot b sillae aulyy o po ok

V=V1—/“n[%j+’f|n(%j )
1 0

oy o addllas ol 50 o o i |y o) 9,90 slaSs Slaxie EFror! Reference/source not found.

" Modified Cam-Clay Model
2 K0-anisotropic triaxial compression
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4Boston Blue Clay (BBC)
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Table 1: Modified Cam-Clay parameters of the soils used in this study

soil K p) v, M o, (kPa)  OCR Reference
Boston Blue Clay (BBC) 0.03 0.15 2.8271 1.2 100 2.2 Moug et al. (2019)
LOC-SFB 0.005 0.071 2.22 1.2 100 1.7 Schneider et al. (2007)
NC-Kaolin 0.06 0.26 3.6 1.2 100 1 Schneider et al. (2007)
K50 0.024 0.11 2.22 1.2 207 1 Kurup et al. (1993)
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Table 2: The results of Cone penetration test in centrifuge test
Specimen i ' (kPa ' (kPa Measure Measure Jenet
umber soil o,, (kPa) o, (kPa) OCR u, (kPa) ;
1 LOC-SFB 100 171 1.7 95 1.75
2 LOC-SFB 134 283 24 120 3.25
3 NC-Kaolin 100 100 1 340 4.49
4 NC-Kaolin 89 89 1 310 4.01
5 NC-Kaolin 77 77 1 212 3.71
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* Normally Consolidated-Kaolin (NC-Kaolin)

4 Low Over Consolidated Silica-Flour Bentonite (LOC-SFB)
5Sheng et al. (2012)
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Figure 2: Comparison of centrifuge test results with numerical modeling results a)’Pore water pressure b) Cone tip resistance
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Table 2: The results of Cone penetration test in centrifuge test

Sﬁjﬁ: g;ern soil g;o (kPa) o, (kPa) OCR EQ(EETDLJ;; Measure qC—’z‘
1 LOC-SFB 100 171 1.7 95 1.75
2 LOC-SFB 134 283 2.1 120 3.25
3 NC-Kaolin 100 100 1 340 4.49
4 NC-Kaolin 89 89 1 310 4.01
5 NC-Kaolin 77 77 1 212 3.71

! Finnie and Randolph (1994)
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Figure 3: Comparison of calibration chamber test results with.-numerical modeling a) Pore water pressure b)
Cone tip-resistance
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Table 3: Calibration chamber testmeasurements

S,E’j,i:g“;” soil o, (kPa) o (kPa)  BC OCR Au(kPa)  Au(kPa) (g, —u,)(kPa)
1 K50 207 207 1 1 700 582 1362
2 K50 4.4 4.4 1 5 650 480 780
3 K50 207 1076 3 1 560 430 826
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Figure 4:The influence of the coefficient of lateral pressure on the excess pore water pressure a) the middle face of the cone
u1 b) the base of the cone u: c) the back of the friction sleeve us
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Figure 5: Excess pore water pressure in the different vertical effective stresses: a) the middle face of cone u; b) the base of the
cone u; ¢) the back of the friction sleeveus
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Figure'5: Excess pore water pressure in the different vertical effective stresses: a) the middle face of cone u; b) the base of the
cone uy c) the back of the friction sleeve us
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Figure 6: Distribution of EPWP along the sleeve friction of the piezocone; (a) For different vertical effective stresses, (b) For
different lateral earth pressure coefficients
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Figure 7: Comparison of excess pore water pressure measurements by using equation (10) with the numerical model
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Figure.8: Distribution of EPWP along the piezocone face; (a) For different vertical effective stresses, (b) For different lateral
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Figure 9: Comparison of excess pore water pressure using equation (13) with the numerical model
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Figure 11: Comparison of the field measured values-against the calculated values using equation (17)
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Table 4: Measurements of cone penetration test in cohesive and intact soils at the site us

. . Soil©  Depth at ' a B
Piezocone Site Type (m) Pl% OCR (kPa) o, (kPa) Ir Au,(kPa)  Au,(kPa) Eq.(1l) Eq(12)
1 Backebol intact 5 45 1.27 330 35 54.5 158.9 99.9 0.16 0.014
2 Backebol intact 7 35 1.23 357 46 84.3 167.3 95.3 0.18 0.009
3 Backebol intact 35 40 1.57 340 27.5 64.8 168.6 104.6 0.15 0.016
4 Backebol intact 2.5 40 2.2 308 22 485 149.4 79.4 0.17 0.03
5 Boston Blue Clay2 intact 274 20 1.2 1226 217 162 585 475 0.24 0.006
6 Boston Blue Clay2 intact 24.4 20 141 1074 196 159.7 545 451 0.26 0.007
7  Boston Blue Clay2 intact 21.3 18 1.6 1033 173 167.4 568 441 0.26 0.008
8 Bakklandet intact 4.5 8 3.3 616 82 1175 460.2 260.2 0.31 0.03
9 Glava intact 10.5 15 41 852 105 70.3 486 325 0.33 0.05
10 Glava intact 17.5 12 2.6 1050 168 131.8 634 420 0.32 0.018
11 Glava intact 6.5 14 5.8 807 69 57.4 421 247 0.36 0.09
12 Inchinnan intact 3 12 1.41 304 47 2259 145 106 0.26 0.006
13 Inchinnan intact 9 15 1.27 445 102 200.8 214 171 0.31 0.005
14 Lilla Melloca intact 10 55 1.25 431 57 35.3 194 134 0.19 0.019
15 Lilla Melloca intact 6 75 1 310 36 14.8 119 79 0.15 0.025
16 Lower 232M.ST intact 20.5 19 1 824 147 169.5 438 322 0.22 0.005
17 Lower 232M.ST intact 2.6 19 6.1 409 20 44.8 139 52 0.32 0.11
18  Lower 232M.ST intact 9.1 19 1.2 520 66 169.2 248 148 0.18 0.006
19 Munkedal intact 12 29 1.26 801 122 109:3 414 282 0.21 0.008
20 Munkedal intact 16 27 1.15 826 161 119.6 448 330 0.25 0.007
21 Munkedal intact 8 31 1.64 691 83 94 363 244 0.2 0.013
22 Munkedal intact 21 23 1.12 958 259 142.4 591 408 0.35 0.006
23 Norrkoping intact 6 39 1.27 336 45 70.7 162 107 0.19 0.011
24 Norrkoping intact 2 44 1.54 238 27 54.9 128 70 0.19 0.018
25 North Sea GC intact 7.4 22 2.55 544 74 875 244 192 0.28 0.023
26 North Sea GC intact 5.7 22 2.18 444 57 107.4 208 146 0.24 0.0166
27 Pontida intact 135 11 2.95 895 135.8 117.2 429.3 349.3 0.34 0.023
28 Pontida intact 20.5 11 295 2018 200.2 117.2 1410.7 10107 0.24 0.023
29 Pontida intact 7.5 11 3.6 705 80.7 94.2 358.9 268.9 0.29 0.035
30 Rio De Janeiro intact 5 60 1.74 176 16.8 25.7 67 31 0.18 0.035
31 Rio De Janeiro intact 8 60 1.6 283 26 26.9 98 70 0.17 0.03
32 Saro RD7/600 intact 5 75 1.22 335 26 14.8 105 45 0.13 0.03
33 Saro RD6/900 intact 3 90 1.2 253 20 7.7 61 35 0.134 0.05
34 Sea Island intact 19 15 1 956 187 201 426 280 0.27 0.0046
35 Ska-Edeby intact 11 30 1.3 520 68 104.4 252 165 0:19 0.009
36 Ska-Edeby intact 8 30 1.19 363 49 104.9 171 104 0.19 0.008
37 Strong Pit intact 1.5 15 14 2130 26 37.3 750 320 0.65 0.36
38 Strong Pit intact 2 15 10.20 1410 36 41.8 800 450 0.53 0.22
39 Strong Pit intact 3.6 15 7.5 2173 67 47.8 1120 500 0.37 0.14
40 Tuve intact 20 40 15 784 74 65.8 379 254 0.17 0.015
41 Tuve intact 5 50 1.68 229 14 40.6 88 49 0.14 0:024
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Table 5: Cone penetration test measurements in cohesive and intact soils at u; location

" Picz e Sitd TS)% |e D(eiﬁ;h Pl % OCR qi (kPa) o, (kPa) I Au,(kPa)  Au,(kPa) qu 14)
1 Backebol intact 5 45 1.27 330 35 54.5 158.9 186.9 0.93
2 Backebol intact 7 35 1.23 357 46 84.3 167.3 197.3 0.97
3 Backebol intact 3.5 40 1.57 340 275 64.8 168.6 201.6 1
4 Backebol intact 25 40 2.2 308 22 48.5 1494 156.4 0.94
5 Backebol intact 10 50 1.06 515 94 44 248.8 298.8 0.86
6 Boston Blue Clay2 intact 27.4 20 1.2 1226 217 162 585 722 1.02
7 Boston Blue Clay2 intact 14.2 25 3.4 895 104 54.3 425 533 0.89
8 Bothkennar intact 2.16 41 2.06 280 31 50.28 127.6 222 0.82
9 Bothkennar intact 3.62 41 1.42 408 40 63.9 151.3 254.3 0.96
10 Bothkennar intact 13.93 41 1.37 898 104 64.3 371.2 652.2 0.93
11 Bothkennar intact 17.89 41 1.72 1130 130 59.2 426.3 790.3 0.89
12 Glava intact 10.5 15 4.1 852 105 70.3 486 677 0.95
13 Glava intact 6.5 14 5.8 807 69 57.4 421 514 0.886
14 Haltenbanken intact 6 18 5 1220 65 53.04 470 690 0.72
15 Haltenbanken intact 2 18 8.6 780 24 39.42 330 480 0.7
16 Inchinnan intact 3 12 1.41 304 47 225.9 145 272 1.12
17 Inchinnan intact 9 15 1.27 445 102 200.8 214 361 1.01
18 Inchinnan intact 7 15 1.52 355 84 194 170 290 1
19 Lilla Melloca intact 10 55 1.25 431 57 35.3 194 273 0.833
20 Lilla Melloca intact 6 75 1 310 36 14.8 119 179 0.806
21 Lower 232M.ST intact 20.5 19 1 824 147 169.5 438 541 1.02
22 Lower 232M.ST intact 9.1 19 1.2 520 66 169.2 248 317 1.08
23 Munkedal intact 12 29 1.26 801 122 109.3 414 576 0.98
24 Munkedal intact 16 27 1.15 826 161 119.6 448 653 0.96
25 Munkedal intact 8 31 1.64 691 83 94 363 430 0.99
26 Norrkoping intact 6 39 1.27 336 45 70.7 162 204 0.93
27 Norrkoping intact 2 44 1.54 238 27 54.9 128 146 0.892
28 Norrkoping intact 12 20 1.51 470 80 156.9 213 282 1.03
29 North Sea GC intact 7.4 22 2.55 544 74 87.5 244 359 0.9
30 North Sea GC intact 5.7 22 2.18 444 57 107.4 208 320 1.02
31 North Sea GC intact 3.4 22 2.5 295 34 89.8 141 189 0.99
32 Rio De Janeiro intact 5 60 1.74 176 16.8 25.7 67 90 0.74
33 Rio De Janeiro intact 8 60 1.6 283 26 26.9 98 122 0.79
34 Saro RD7/600 intact 5 75 1.22 335 26 14.8 105 165 0.8
35 Saro RD7/600 intact 4 80 1.25 300 24 11.9 147 147 0.76
36 Saro RD7/600 intact 6 90 1.16 355 28 1.7 174 174 0.73
37 Saro RD6/900 intact 3 90 1.2 253 20 7.7 61 101 0.72
38 Sea Island intact 19 15 1 956 187 201 426 592 1.02
39 Ska-Edeby intact 11 30 1.3 520 68 104.4 252 296 1
40 ST-Alban intact 1.71 28 2.69 182 15.4 62.8 771 95.1 0.73
41 ST-Alban intact 1.54 28 2.85 190 14.6 58.38 79.7 96.7 0.7
42 Strong Pit intact 2 15 10.20 1410 36 41.8 800 1400 0.7
43 Tuve intact 20 40 1.5 784 74 65.8 379 483 0.97
44 Tuve intact 5 50 1.68 229 14 40.6 88 150 0.95
45 Tuve intact 10 58 1.83 474 30 27 214 298 0:83
46 Tuve intact 15 50 1.63 599 49 41.3 284 398 0.89
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Investigation of Excess Pore Water Pressure in Cone
Penetration Test in Saturated Clayey Soils under
Undrained Condition

Mahdiyeh Fakhimi Akmal?, Mohammad Mehdi Ahmadi '
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ABSTRACT
The widespread use of‘the cone penetration test in geotechnical engineering, due to its quick identification of

soil layers and properties, hasded to the development of various analytical methods for interpreting this test.
Monitoring excess pore water pressure_during, the piezocone penetration test can be crucial for assessing the
properties and engineering parameters of clayey soils. The initial stresses in the ground and the coefficient of
lateral earth pressure at rest, Ko, are. important parameters needed for the design and analysis of various
geotechnical problems such as piles, and slope stabilities. Due to the limited research on clayey soils, the
significance of understanding their behavior, «and’ the limitations of laboratory experiments, this study
investigates soil behavior via numerical modeling /of cone-penetration tests in saturated clay with undrained
conditions. In this study, the effect of the coefficient of lateral earth pressure and initial effective vertical stresses
on pore water pressure has been investigated. Additionally, the*correlations between excess pore water pressures
at points u2 and ui, as well as u2 and us, have been outlined. Modified Cam-Clay constitutive model was
employed in all numerical analyses using FLAC2D software. /The validation of proposed relationships was also
addressed using the database of field tests available in the literature provided by different researchers. The
obtained results indicated that as each parameter of lateral pressure.coefficient and vertical effective stress
increased, the excess pore water pressure also increased at all three locations where pore water pressure is
measured.

KEYWORDS
Numerical modeling, Piezocone penetration test, Vertical effective stress, Coeifficient.of lateral
earth pressure, Modified Cam - Clay model
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