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3 Anchorage and Piling System
4 Braced Excavation

’> Top to Bottom Method

¢ Island Excavation Method
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Zone I: Sand and soft to hard clay A g
workmanship
Zone II: Very soft to soft clay
1. Limited depth of clay below bottom
excavation
Significant depth f clay below bottom of
:xcavation but Np<N
Zone [II: Very soft to soft clay to a significant
lepth below bottom of excavation and with
Ny>N_,
Ny is the stability number, Ny,=vH/S,
N, is the critical stability number for basal heave
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[Bryson and Zapata-Medina, lawg oo slomil (60,90 Slallas S Slasin -V-Y Jgax

2007]
Soil Wall Sv Su s Su I E
Type Case Reference Type [m] [m] [KN/m’| [kPa] [m%m] [GPa] FSbn
Stl Ng (1992) Diaph. 3.2 1.5 20 120 0.01800 31 3.73
Burland and Hancock
St2 (1977) Diaph. 3.2 3.2 20 170 0.06075  27.6 3.99
St3 Hsieh and Ou (1998) Diaph. 3.3 33 19 76.5  0.06075  27.6 1.26
St4 Poh et al. (1997) Diaph. 4.3 6 20.75 80 0.01800 NA 2.05
>
5 St5 Ou and Shiau (1998) Diaph. 3.3 3.3 19.7 50 0.01800 12 1.51
=
@ St6 Whittle et al. (1993) Diaph. 3 slab 20.24 91 0.06075 23 1.32
St7 Liao and Hsieh (2002) Diaph.  2.65 1.92 20 77.5 0.04267 27.6 1.38
St8 Liao and Hsieh (2002) Diaph. 233 1.85 20 65 0.14400 27.6 0.99
Becker and Haley
St9 (1990) Diaph. 335 slab 18 70 0.03516 232 1.21
St10 Ulrich (1989) Secant 245 245 20.1 140 0.03516 27.6 3.62
M1 Ou et al. (1998) Diaph. 3.4  slab 18.9 50 0.06075  27.6 0.96
Finno and Roboski
M2 (2005) Sheet 4 2.29 19 36 0.00025 200 1.08
Finno and Roboski
M3 (2005) Sheet 4 2.29 20 36 0.00025 200 0.80
- M4 Hsieh and Ou (1998) Diaph. 2.85 2.85 19 47.5  0.04267 27.6 0.97
5 Steel-
= M35 Miyoshi (1977) Conc. 2.7 2.7 19 42 0.04267 27.6 0.99
B
g Mé Finno et al. (1989) Sheet 2.5 2.5 19 30 NA 200 1.10
M7 NGI (1962) Sheet 1.7 1.7 19 30 NA 200 1.16
Clough and Buchignani
M3 (1981) Diaph. 3 3 17 44 0.08333 25 0.98
M9 ‘Wang et al. (2005) Diaph. 4 3 18 35 0.04267 NA 0.85
MI10 Peck (1969) Sheet 1.68  1.68 19 27.5 NA 200 1.35
Sol Finno et al. (2002) Secant 3.8 6.1 19.1 20 0.06075 12,65 0.59
So2 Goh et al. (2003) Diaph. 2.5 9 17.6 10 0.04267 30 0.31
So3 Hu et al. (2003) Diaph. 3.5 9 18 22 0.04267 21.7 0.73
Gill and Lukas
So4 (1990) Sheet 2.5 2.5 19 22.7 NA 200 1.93
=
g So5 Teparaksa (1993) Sheet 2.5 2.5 16 13.5  0.00025 200 0.62
=
=)
©u So6 Baker ct al. (1987) Diaph. 2.75 2.75 19 21.5  0.03658 26 0.93

So7 Konstantakos (2000)  Diaph. 3.65 3.65 19 45 0.03658 26 1.25
Clough and
So8 Buchignani (1981) Soldier 3 3 17 25 0.03516 26 1.69
So9 Kort (2002) Sheet 7.75 7.2 14 20 NA 200 1.63
Koutsofias et al.
Sol0 (2000) Soldier 3.3 6 16.5 25 0.06280 27.6 1.42
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[Bryson and Zapata-Medina, 2007] lwgs oo (55 ojlasl Sledbl -Y-Y  Jgo

. ) ﬁﬂ(max) 6\-’(mak|
Soil e Reference Wall ‘,l E Biimaxy  BV(max) ™ /He  FSp
Type Type [m‘m]  |GPa] [mm] [mm] o N
[%] [%]
Stl Ng (1992) Diaph. 0.01800 31 17.66 10.13 0.108 0.106 3.73
Burland and Hancock
St2 (1977) Diaph.  0.06075 27.6 24.06 19.53 0.080 0.106 3.99
St3 Hsieh and Ou (1998)  Diaph. 0.06075  27.6 124.76 77.76 0.378  0.389 1.26
St4 Poh et al. (1997) Diaph.  0.01800 NA 10.02 NA 0.072 2.05
= St5 Ou and Shiau (1998)  Diaph.  0.01800 12 44.53 NA 0.194 1.51
; St6 Whittle et al. (1993) Diaph.  0.06075 23 53.61 45.00 0.209 0223 1.32
= Liao and Hsich
St7 (2002) Diaph. 0.04267 276 81.37 NA 0.301 1.38
Liao and Hsieh
St8 (2002) Diaph.  0.14400 27.6 54.30 NA 0.143 0.99
Becker and Haley
St9 (1990) Diaph. 0.03516 232 47.26 101.60  0.182 1.21
St10 Ulrich (1989) Secant  0.03516  27.6 14.75 NA 0.074 3.62
M1 Qu et al. (1998) Diaph. 0.06075 276 106.51 77.18 0.304 0392 0.96
Finno and Roboski
M2 (2005) Sheet 0.00025 200 4323 NA 0.262 1.08
Finno and Roboski
M3 (2005) Sheet  0.00025 200 63.48 74.00 0.334 0.578 0.80
E‘ M4 Hsieh and Ou (1998)  Diaph. 0.04267 27.6 62.61 43.16 0202  0.235 097
© Steel-
g M35 Miyoshi (1977) Conc.  0.04267 276 176.56 15242 0552  0.897 0.99
g M6 Finno et al. (1989) Sheet NA 200 172.64 25570  0.899 2.096 1.10
M7 NGI (1962) Sheet NA 200 223.58  200.00 1.397 1.818 1.16
Clough and
Mg Buchignani (1981) Diaph.  0.08333 25 28.25 NA 0.093 0.98
M9 Wang et al. (2005) Diaph.  0.04267 NA 48.12 30.90 0.127  0.150 0.85
M10 Peck (1969) Sheet NA 200 228.87  210.00 1.635 2471 1.35
Sol Finno et al. (2002) Secant  0.06075  12.65 38.13 2743 0.208 0.225 0.59
So2 Gobh et al. (2003) Diaph.  0.04267 30 38.55 NA 0.124 0.31
So3 Hu et al. (2003) Diaph.  0.04267  21.7 15.39 7.00 0.073 0.061 0.73
So4  Gill and Lukas (1990)  Sheet NA 200 83.27 NA 0.496 1.93
E‘ So5 Teparaksa (1993) Sheet  0.00025 200 123.65 NA 0.687 0.62
z Sob Baker et al. (1987) Diaph.  0.03658 26 37.39 37.00 0.204 0.435 0.93
2]
@ So7 Konstantakos (2000)  Diaph.  0.03658 26 3.63 NA 0.026 1.25
Clough and
So8 Buchignani (1981) Soldier 0.03516 26 107.06 NA 0.351 1.69
So9 Kort (2002) Sheet NA 200 385.38 NA 2.028 1.63
Koutsoftas et al.
Sol0 (2000) Soldier 0.06280  27.6 48.10 30.20 0.117  0.231 1.42
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plaxis 18l o5 slesal, jo oo axslo Jow poas -V-F JSo
Plaxis |33 s 5 slasal, sillae S slo 4Y cwaige Olasin -V-F oo
Parameter Name | Fill Sand Loam Unit
Material model Model | MC MC MC -
Type of material behaviour Type Drained | Drained | Drained | -
Soil unit weight above p.l. Yonsat 16 17 17 kN/m?
Soil unit weight below p.1. Yeat 20 20 19 kN/m’
Horizontal permeability k, 1.0 0.5 0.1 m/day
Vertical permeability k, 1.0 0.5 0.1 m/day
Young's modulus E,f 8000 30000 20000 kN/m?
Poisson's ratio v 0.30 0.30 0.33 -
Cohesion Cref 1.0 1.0 8.0 kN/m’
Friction angle 1) 30 34 29 °
Dilatancy angle v 0.0 4.0 0.0 °
Interface reduction factor Rinter 0.65 0.70 Rigid -
Plaxis |33 ¢, slasal, sillas o5T1,800 o cwiige Slasin -Y-F Jsux
Parameter Name Value Unit
Type of behaviour Material type Elastic -
Normal stiffness EA 12-10° kN/m
Flexural rigidity EI 0.12-10° kNm*/m
Equivalent thickness d 0.346 m
Weight w 8.3 kN/m/m
Poisson's ratio v 0.15 -
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Parameter Name Value Unit
Type of behaviour Material type Elastic -
Normal stiffness EA 2:10° kN
Spacing out of plane Ly 2.5 m
Maximum force F o comp 1-10° kN
Fnax,tens 1-10%° kN
Plaxis ;1531 s 5 slaialy Billas s STl jlo W5 jide cwdige Sladeive -F-F Joux
Parameter Name Value Unit
Normal stiffness EA 1-10° kN/m
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¢'(peak) = 45 — 14log(PI) for 4 < PI <50 r-f)
¢'(peak) = 26 — 3log(PI) for 50 < PI < 150
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[Mezenbach, 1961] calize slo Sl ;0 C2 §C1 Culps polaa-V0-F Jouo
Soil type C1 (kglcm?) C2 (kglcm?)
Fine sand (above G.W.T) 52 3.3
Fine sand (below G.W.T) 71 4.9
Sand (medium) 39 4.5
Coarse sand 38 10.5
Sand + gravel 43 11.8
Silty sand 24 53
silt 12 5.8
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Geotechnical Investigation of JANBAZ  Project-Mashahad
PRESSUREMETER TESTING IN SOIL
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Geotechnical Investigation of JANBAZ Project-Mashahad
PRESSUREMETER TESTING IN SOIL
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Geotechnical Investigation of JANBAZ Project-Mashahad
PRESSUREMETER TESTING IN SOIL
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Geotechnical Investigation of JANBAZ Project-Mashahad
PRESSUREMETER TESTING IN SOIL
ASTM-D4719
[ Borenote No.:  BEH s0-30 Depth (m): 37 Soil Description: _Silty CLAY With Sand |
C Ep = 251 Kgicm’ E, = - Kg/Cm? P = - Kg/Cm? )
400, | RS P S e P Tag
| —e— Corrected Test Curve
350 J-]—>—Creep Curve 920
80
300
70
.
250
60 5
o >
E 200 s0
3 s
>
40
150
3 e T (] P (e e o T ] o (e ] o I 1} =] o - 30
100
20
50
A 10
1 ]
0 =
0.00 5.00 10.00 15.00 20.00 25.00
K Pcorrected(kg/cm?) .
Calibration Curve
25
— 2
:E: /
215
B /
a 1
K
& /
05
0
0 50 100 150 200
K Volume (Cm3) /

AN

Lojiaga joliin (pwaigo

Y4



S r0gumw sl uwl.o)T 6 (@l Cawgm aolsl

» 2guikn |JLo )L paian SyiSigif LIS

Geotechnical Investigation of JANBAZ Project-Mashahad
PRESSUREMETER TESTING IN SOIL
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Geotechnical Investigation of JANBAZ Project-Mashahad

PRESSUREMETER TESTING IN SOIL
ASTM-D4719
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Geotechnical Investigation of JANBAZ Project-Mashahad
PRESSUREMETER TESTING IN SOIL
ASTM-D4719
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Geotechnical Investigation of JANBAZ Project-Mashahad
PRESSUREMETER TESTING IN SOIL
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Geotechnical Investigation of JANBAZ Project-Mashahad
PRESSUREMETER TESTING IN SOIL
ASTM-D4719
I Borehole No.: BH90-30 Depth (m): 77 Soil Description: silty CLAY I
CEP = 226 KgCm? E, = - Kg/cm? P, = - Kg/cm? )
i N
TONAL o0 e SO O T 0 TR 100
| O N O N
500 1— —o—c(-rectedresmurvei o
| I| —<—Creep Curve i
- 80
400 B -
2
]
60
‘E 300 5
50 >
= / &
/ 40
200 "‘
30
\
20
100 ¥
ko - 10
e |
0 0
0.00 2.00 4.00 6.00 8.00 10.00 12,00 14.00 16.00
Pcorrected (kg/cm?]
K (kg )
Calibration Curve i
25
g 2 ="
CRE e
2 /
5
& 1
F3
& =
05 /
0
0 100 200 300
\ Volume(Cm?®) /
jr)?,x;mm,;_,:,_uﬂwgmv- ;,.\,uu:,_u)-l’&a.ab_,‘ SosmT I3 4 0T BT opl s i bbb e
23,03 - 5 (Reloading) s 54 Jade 5 s 5Lb sl bl =1 vl OIS 1A 5ok b e o

Al

Lojiaga joliin (pwaigo

AR



S r0gumw sl uwl.o)T 6 (@l Cawgm aolsl

» 2guikn |JLo )L paian SyiSigif LIS

Geotechnical Investigation of JANBAZ Project-Mashahad
PRESSUREMETER TESTING IN SOIL
ASTM-D4719
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Geotechnical Investigation of JANBAZ Project-Mashahad
PRESSUREMETER TESTING IN SOIL
ASTM-D4719
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Geotechnical Investigation of JANBAZ Project-Mashahad
PRESSUREMETER TESTING IN SOIL
ASTM-D4719
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Geotechnical Investigation of JANBAZ Project-Mashahad
PRESSUREMETER TESTING IN SOIL
ASTM-D4719
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Geotechnical Investigation of JANBAZ Project-Mashahad
PRESSUREMETER TESTING IN SOIL
ASTM-D4719
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Geotechnical Investigation of JANBAZ Project-Mashahad
PRESSUREMETER TESTING IN SOIL
ASTM-D4719
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Geotechnical Investigation of JANBAZ Project-Mashahad
PRESSUREMETER TESTING IN SOIL
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Geotechnical Investigation of JANBAZ Project-Mashahad
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Abstract:

Nowadays, with the significant increase of the need to carry out excavation in urban areas,
it is necessary to properly control the deformations caused by excavation in order to
ensure safety and cost effective operation in the vicinity of structures and municipal
facilities. In this research, the deformations of an excavation for different values of the
modulus of elasticity obtained from geotechnical tests (including pressuremeter, SPT and
three axial) and using three constitutive soil model of Mohr-Coulomb (MC), Hardening
soil (HS) and Hardening small strain (HSS) have been investigated in Plaxis 2D finite
element software. By comparing the results of modeling and results from the monitoring
of the excavation to a depth of 25 meters, which was supported by anchored soldier pile
system in Mashhad city, it was shown that the elastic modulus obtained from the
pressuremeter test is more appropriate than the three-axial and SPT tests in the excavation
analysis. HSS constitutive model yielded the most accurate results and MC constitutive
model has the highest error, so it is recommended that the MC model should not be used

in excavation analysis.

Parametric study was also performed to determine the sensitivity of excavation
displacement to soil engineering parameters (including stiffness, internal friction angle
and cohesion) and various parameters such as maximum horizontal and vertical
displacements, displacement profile and ... for different values of soil engineering

parameters were investigated.

Keywords: Excavation, Constitutive Model, Anchored Soldier Pile System, Plaxis
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