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PLAXIS Monopile Designer

 Challenge
— Need to reduce the cost of OW foundations (~25-30% of CAPEX)
— Traditional design method adapted from O&G not well-suited for monopiles

* Solution
— PISA Design Method, optimized for monopile foundations

 Benefits
— Up to 35% reduction in embedded length (Byrne et al., 2017, 2019)

» Cost reduction in materials, fabrication, transport, installation, risk, and environmental impact
 Estimated savings up to ~300,000 GBP (~400,000 USD) per monopile

— Perform more analyses in less time: optimize each foundation in the OWF
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Monopile Design | State of the art

3D FEM analysis Distributed springs (P-Y method)

« Good representation of soil-pile interaction « Simplified (1D) approach

* Time-consuming » Developed for foundation piles in O&G
— ~ Hours for a single load case « Assumptions
— Not practical for structural coupling — Slender pile (Euler-Bernoulli)

* Mostly used for analysis and validation — Independent horizontal springs (Winkler)
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P-Y method | The hard truth
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P-Y method | The hard truth

* Monopiles are not slender
— Unrealistic failure mechanism
— Unrealistic soil reactions
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PISA method
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PISA method
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PISA method

P-Y Method PISA Method
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Fast analysis with 1D pile solver
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Comparison with API p-y curves
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Parametric design space | Geometry

 Cylindric shape enables easy parameterisation
— 3 major variables to play with: L, D, t
— 4™ variable, h, is a function of both geometry and load case

(a) Effect of increasing foundation (b) Effect of increasing foundation (c) Effect of increasing foundation
dimensions on the bending stiffness of dimensions on the natural frequency dimensions on mudline deflection and
the pile rotation
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Parametric design space | Geometry

Individual Geometry (3D FEM)
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Parametric design space | Stratigraphy

* DVFs from homogeneous soil profiles can be directly used to model
layered profiles containing those same soil units

# SmatB

SmatC ° L33

SmatA SmatB SmatC

Panagoulias, S.; Hosseini, S.; Brinkgreve, R.B.J.; Burd, H.J. (2019). Design of laterally-loaded monopiles in
layered soils. In: 2nd International Conference on Natural Hazards & Infrastructure (ICONHIC), Chania, Greece.
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Parametric design space | Stratigraphy
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Parametric design space | Stratigraphy
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Rule-based design

d Profile.pbxmdt
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The maximum ground level displacement s reached. The calculation is finished !
Q ok 30 model state:
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Rule-based design |

Burd, H.J.; Taborda, D.M.G.;
Zdravkovi¢, L.; Abadie, C.N.;
Byrne, B.W.; Houlsby, G.T;
Gavin, K.G.; Igoe, D.J.P.; Jardine,
R.J.; Martin, C.M.; McAdam, R.A.;
Pedro, AM.G.; Potts, D.M.
(2020). PISA design model for
monopiles for offshore wind
turbines: application to a
marine sand. Géotechnique,
Volume 70 Issue 11, November
2020, pp. 1048-1066
[doi:10.1680/jgeot.18.P.277]
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General Dunkirk Sand Model (GDSM)

Table 6. Relative density functions for the GDSM, calibrated for 2 <(LID) < 6: 5<(hID) <15; 45% < Dr <90%

Soil reaction component

Soil reaction parameter

Relative density functions

Distributed lateral load. p

Distributed moment, m

Base horizontal force, Hg

Base moment, My

Ultimate displacement, 7,
Initial stiffness, kp

Curvature, n,
Ultimate reaction, p,

Ultimate rotation. y,,
Initial stiffness. &,
Curvature, n,,

Ultimate moment, #iy
Ultimate displacement, vy
Initial stiffness, ky
Curvature, ny

Ultimate reaction., Hg,
Ultimate rotation, iy,
Initial stiffness, Ay

Curvature, ny )
Ultimate reaction, Mgy

Vpu = 146-1 = 92:11Dg

ko1 =8-731 —0-6982Dg
kp2=—09178

1, =0-9174+0-06193Dg

Pur = 0:3667 + 25-89Dg

Py = 0-3375 — 8:900Dp
Given by ny /km

Ky = 1700

My, =0-0

ny = 0-2605

iy, = —0-1989 +0-2019Dg
Vhul = 0-5150 + 2-883Dp
Vawe = 0-1695 = 0-7018Dgr
kyy = 6°505 — 2:985Dp

ko = —0-007969 — 0-4299Dy
iy = 009978 + 0-7974 Dy
{2 = 0-004994 — 0-07005Dgr
Hpy = 0:09952 4 0-7996Dr
HBuZ = 003988 — ()'l(\“()DR
iy = 0-300 + 0-4986Dg

My = 009981 +0-3710Dg
My = 0-01998 — 009041 Dy
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Rule-based design | Cowden till model

Byrne, B.W.; Houlsby, G.T.; Burd,
H.J.; Gavin, K.G.; Igoe, D.J.P;
Jardine, R.J.; Martin, C.M.;
McAdam, R.A.; Potts, D.M.;
Taborda, D.M.G.; Zdravkovic, L..
(2020). PISA design model for
monopiles for offshore wind
turbines: application to a stiff
glacial clay till. Géotechnique,
Volume 70 Issue 11, November
2020, pp. 1030-1047
[doi:10.1680/jgeot.18.P.255]
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Table 4. Soil reaction curve parameters for Cowden till, calibrated within the parameter space set out in Table 1

Soil reaction component

Parameter

Depth varation functions
First-stage calibration

Depth variation functions
Second-stage calibration

Distributed lateral load, p

Distributed moment, m

Base horizontal force, Hy

Base moment, Mg

Ultimate displacement, v,

Initial stiffness, A
Curvature, n,

Ultimate reaction, p,

Ultimate rotation, 7,

Initial stiffness, &,
Curvature, iy,

Ultimate moment, »1,

Ultimate displacement, vy,

Initial stiffness, ky
Curvature, ny
Ultimate reaction, H g,

Ultimate rotation, gy,

Initial stiffness, Ay,
Curvature, ny

Ultimate reaction, Mg,

2000
123 — 5=
8123 - 1103

0-9225 — 0-04834 =
D

l()"_’l _ 7,215& 0-3332(z/D))
Given by i, /ky,
0.9710 — 0-1144 =
D
0-0
0-3840 — 0-04246 =
D
300
2.564 — 03167
D

L
.7396 — 0-02658 —
0-7396 — 0-0 6SSD

0-6019 + ()-06669%

200
L
0-1970 — 0-002680 —
D

L
1-006 — 0-1616 —
= E

L
.6504 — 0-07843
0-6504 — 0-07843

214
060 — 1650 =
10:60 — 16505

0-9390 — 0-03345 =
D

10-70 — 7-101 ¢l 03083G/D)
Given by m,/ky,
1.420 — 009643 —
D
00
0-2899 — 0-04775 =
D
2357
E
2717 - 0-3575=
D

L

.8793 — 0-03150=
0-8793 — 0-03 l-(]D
0-4038 + 0-0481 g
: 25

173-1
L
0-2146 — 0-002132 —
D

L
1.079 — 0-1087 =
D

L
.8192 — - —
0-8192 -0 ()85880
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Rule-based design | Layered soils
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Numerical-based design | Calibration from PLAXIS 3D
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Rule-based or numerical-based?

Model 1: Large displacements (ULS)

Model 1: Small displacements (FLS)
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Brinkgreve, R.B.J.; Lisi, D.; Lahoz, M.; Panagoulias, S. (2020). Validation and application of a new
software tool implementing the PISA Design Methodology. J. Mar. Sci. Eng. 2020, 8, 457.
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nalysis of layered soils according to PISA Phase 2
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design verification
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5000 = 80.00
1 0000 -5.000 [y @ | & Q0 werione %
| > > [#] Nod :
2 ) -10.00  [TIH - - —— 26000 |
| £ |® O Istressponts i %
3 -10.00 -25.00 (| # @ B Materials J o B2
= | aJ : =
00 -35.00  [C]u Selection explorer (InitialPhase) s — g
| - ®E .. 872 220.00
51 5000 [T]H 3
= —— 200.00
,-n—‘
== ——1 180.00
E?:‘.u’
= ——{ 1s0.00
§
12 = 1%0.00
7>
120.00
| Model explorer (InitialPhase)
¥ Attributes ibrary 100.00
7 @E Geometry
o @ Tunnels 80.00
7 @ Groups
¥ Beams 60.00 |E
@ Plates Z §_
o Interfaces 4000 | £
4 (0] Rigid bodies 5 3
5 @M sois X 200 |5
G (i‘_.E Model conditions i
000 | E
5
alls
£
2
Total displacements |u| (scaled up 10.0 times) 3
Maximum value = 0.3503 m (Element 1 at Node 42)
1D analysis (31.710-30.979 17.667) Viewpoint (-187.979 -358.672 114.484)
Caladate [ i [ I
< > 0 0.02 0.04 0.06 0.08 0.1 0.1z 0.1

) E&T&mm ground level| 5 b Base rotation, 8 [rad]
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Validation

 Published validation cases (i.c.w. Oxford University, Fugro, Siemens)
— Against PISA field test experimental data
— Against 3D FEM models

* More information in Bentley Communities

20 A 18 A
18 A 16 A
161 14 4
14
— 12 -
= —
12 1 =4
g g 10 4
g 101 3
= o 8 4
[ —
e ° g
N 8 6 -
g ° 5
u .
4 4
e Byrne et al. (2015) 5 e P | AX|IS MoDeTo (1D)
2 e a» o P| AXIS 3D e a» o P| AXIS 3D
O T T T T T T T 1 O T T T T 1
0 0.5 1 1.5 2 2.5 3 3.5 0 0.2 0.4 0.6 0.8
Lateral displacement at ground level (m) v, (M)
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Disclaimer Statement

Release plans and timelines are forward-looking estimates and projections
only. All forward-looking statements are subject to various risks and
uncertainties that could cause actual results to differ materially from
expectations. Readers are cautioned not to place undue reliance on these
forward-looking statements, which speak only as of their dates, and they
should not be relied upon in making purchasing decisions.

Bentley
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Version 21

<P PLAXIS" Monopile Designer

—@—§|  CONNECT Edition

* Renamed: PLAXIS Monopile Designer

* Functionality stays the same

— Stand-alone use for rule-based design (1D)

— Full interoperability with PLAXIS 3D for numerical-based design (1D+3D)
* All 3 tiers
* Requires active Geotechnical SELECT Entitlements

3 | WWW.BENTLEY.COM | © 2021 Bentley Systems, Incorporated Be nfleg



Version 21 | Calibration with target displacement at mudline

» Calculation automatically stops Previous versions V21
When target dlsplacement Lateral displacement at mudiine [m] Lateral displacement at mudline [m]

0 0.2 040608 1 12 14 16 18 0 0.2 0.4 0.6 0.8 1

(v4/D) is achieved oo || | || | A |
* No need to guess before o I I -
calculating; no trial-and-error ... om0 o
- Saves unnecessary steps, - 1 D
reducing total calculation time . oo § 1000 o0 §

4 | WWW.BENTLEY.COM | © 2021 Bentley Systems, Incorporated Be nfleg



V21 Update 1 | Subspace accelerator

° NeW numerical Sett|ng in PLAXIS Monopile Designer V21 Update 1 Calibration Benchmarks
P LAXI S 3 D H Baseline M Subspace Accelerator B Subspace Accelerator + Target Displacement

* Enabled by default in 2100
Monopile Designer models =~

» Significant speed E 1600

improvement g 1400

- Additional gain when § oo
combined with Calibration ¢ -
with target displacement <

9:48
8:00
7:00 6:1
6:00 5:21
5:00
4:00
3:00 2:07 1:56 1 55 144
2:00
1:00 l .
0:00

Homog. Clay (8 models) Layered Clay (8 models) Homog. Sand (8 models) Layered Clay (9 models) Homog. Sand (9 models)

Benchmark project: Soil type (n. models)
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Q4 2021 | Product Roadmap

Short Term

(Recent & next releases)

Calibration with target displacement
Subspace accelerator

PLAXIS Python scripting API
Monopile Updated Manuals
Designer

6 | WWW.BENTLEY.COM | © 2021 Bentley Systems, Incorporated

Season Plan (6 months)

1D eigenvalue analysis

= Cone trunk sections

= Mass distribution
Extensions to Python scripting API

» Project and file operations

= 3D design verification
Export to SACS: Technology
Preview to General Availability

6-18 months

Cyclic loading

Calibration of multiple soil profiles
Increased control over material
models and material parameters
Streamlined rule-based design
workflow

Bentley



Version 22 | Python scripting API

Expert Help
Run Python script  » Open... }
Run Python tool »

* Problem/Pain | Design of

0 0 . _— test_05
foundations for offshore wind S BB rorRee O ctorn 1. anakyss
requires thousands of ot -
calculations with different load 5. & = new_server() test_03

. . Top [m] test_08
cases, geometries, and soil e e e o | o

test 01

-10.00

print(g.Analysis)

print("First soil layer:")
print(g.Analysis.SoillLayers[@])
print("First segment:")
print(g.Analysis.Segments[@])

profiles
« Value

* Run more analyses in less
time g.Analysis.H = 10000

g-.Analysis.M = 500

g.Analysis.h = 59

g.Analysis.SoillLayers[@].Bottom = -8.5

g.Analysis.Segments[@].t = @.07

Automate your workflows
across PLAXIS Monopile
Designer, PLAXIS 3D,
and/or OpenWindPower, all
using the same scripting
language

g.Analysis.SoillLayers.append(Bottom=-48, SoilReactionCurveFilename='Clay.dvf’
g-Analysis.Segments.append(t=0.08)

1 g.Analysis.Soillayers[@]
g-.Analysis.calculate()

« When | 2021 Q4

g.getresults(g.ResultTypes.MonopileResponseCurves, g.Models.AnalysisiD)

Bentley




Scripting example | Parametric studies

» Combining a fast solver and scripted automation, generating
parameter-response graphs becomes inexpensive

40

0.60
\
- 0.55 ||
‘ \ Rotation 0.50 deg
----- 1D Calibrated ) EQO.SO —Frm-——R-m - ——————
=30 | | — -1DAPI o S \
2 1D GDSM it £045
S i = \
£ s o 2 040 \ 1D GDSM
= e - N NN N ] e 1D Calibrated
© it ettt el oty Bttt el © \ 3D FE
Q - c —_
£ 50 e § 035 .
e g N —-1D API
,/, ~ 7 £ 030 N
- AN
15 -~ 025 N Rotation 0.25 deg
10 0.20 Tpmmmmm
18 19 20 21 22 23 24 20 25 30 35 40 45
L [m] L [m]
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Version 22 | Updated Manuals

* Full review of documentation, including
— All PISA publications (Phases 1 and 2)
— Published PISA rule-based models

* Cowden clay model for stiff clays
« Bothkennar clay model for soft clays
* General Dunkirk sand model (GDSM) for sands

— Use of conventional (API) p-y curves
— 3D design verification models

— Changes to user interface

— Python scripting reference

* New Tutorial: Layered soils
— Rule-based design
— Numerical-based design

9 | WWW.BENTLEY.COM | © 2021 Bentley Systems, Incorporated
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Season Plan | 1D eigenvalue analysis (modal analysis)

Problem/Pain | Determine the
natural frequency and natural
modes of monopile-tower-turbine
systems

Value | Eigenvalue analysis

considering soil-structure
interaction from initial stiffness of
PISA soil reaction curves

When | 2022

Diameter variation

c L/
(cone trunk sections) LR

Nacelle

Transition
piece

Wind

C LERT Mass distribution

ground lvel

Monopile

Timoshgnio
beam
finte elemen!

Base horizontal
force s (vs )
-

EEEEER
Lateral soil
PRACHon

PV}

Soil-structure
interaction according
to PISA curves

Bentley



Season Plan | Export to SACS / OpenWindPower

Lateral displacement, v [m] Rotation, 8 [rad]

*  Problem/Pain | Geotechnical © o ST E
0 . z T =
design and structural design el = £
workflows are often disconnected Pl . ===l
. % 200 + = | 200 100 |- 7| . . 100 g
Value | Export geometry and soil “ D lf . o

response to a SACS Pile3D Input i CErEeeswEs R
file, which can be directly used EEEH, T AR
for soil-structure interaction P ® T e 2
analysis in OpenWindPower T ™ EEEENS:
+ When w S
« Technology Preview | 2020 : o o

0123 45%86 7 o 02 0.4 0.6

Base fateral displacement, v [m] Base rotation, 8; [rad]

» General Availability | 2022

Bentley
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Trusted Global Innovator

RENSZEZEL-E//\MILEBE DTS JIPrﬂJyfIf}z;fTrD;;

- Monopile DesignerMDHEEE D HEE

@ Calibration models @ Final design case
! ¢ | | |
6 % EtZ=f] (Design Space) —
— 5 ®
h -
< 4 ®
<
3 L 4 ®
| 2
. ‘ L 1 z
Al 0
Dot 2,5 3 3,5 4 4.5 5 5,5
L/Dout (-)

RELI-HBEEEICEWNT, B//8IILOEMATE(h L D) DREEITD

L essrormresmsirnn PLAXIS
5




RENIEFEELE-E//NIILEBOBEITER

K¥EHH

TS IVER

h=43 m, L=29 m,
D,+=8m, t=0.11m

tE (WEL)
Gy = 8.5E+04 kN/m?

y' = 8.0 kN/m3
10.0 m $:;3ggo
40.0 m TE ®WEL)
Gy = 1.05E+05 kN/m?
y' = 8.0 kN/m3
®'=375°
Y =120°




Trusted Global Innovator

FHENSZTZEZREL=T//INMILEBE DB TS JPFIIS L TIR st

FE/INMIVEREDTET JLYERL (Monopile Designer)

FryIL—ta e —F

Eﬂ PLAXIS Monopile Designer: Reliability analysis.plemdt * (21.01.00.479)

ZNE 1720 (0) 1T () " C— Eﬂ PLAXIS Monopile Designer: Reliability analysis plamdt (21.01.00.479)
Frdll (F)  ATw3v(0) NILT (H)
THIAT gka{T Hk
FART -S89k
#ETOTPA ) 1E

TN Bl BlFs
hIm] L[m] Deelm] t[m]  vg/Dee [
GeoDS_1 [  43.00 29.00 8.000 0.1100 0.1500

EE[m] EE[m] v [kN/m*] Go[kN/m?] o [dea] wldeg] Kp[-]
1 0.000  -10.00  8.000 85.00E3  32.50  9.000  1.000

2 -10.00  -50.00  8.000 105.0E2 37.50 12.00  1.000

Lz | = || s

- h (BEXYL)
- MEELT @ ML) - L CBEXYT)
- TR(EES/EES) Do (FDIME)
- HEERA (B AR ) -t (B




T/ A NERE
h=43m, L=29 m,

- Monopile DesignerDET JLYERLD T4k hetsm, L=29m,
[HhEEDET L]
- 128 FRETIV Pruvias e 1
- XAROETIILOIE: HED125 — Y
- YARDETILDIE: MED ME Om e S
&l

- B/NAIIVEBREORE D (MFED2FDERH) EIEE (FEDO.ISEBDEEHE) (THMNERS
- D15 S EHardening Soil model with small strain stiffness. ¥5 L D15 & [XNGI-ADP

[E//AILEBEDOETIL)

- HPCIBFEARITIESIARIEH ImORNE. HEARIXINE|(20° ) TEREHSE
- B/NAIIVEBIIREZRTETIVE (SRR EMEK)

- EimEBIEFAL o, TimERIEF O
- B/NAAILEROAIE (SMAD EEAICAVFI—TI—RERZFHKE



Trusted Global Innovator NTTDaTa

RENSZEZEL-E//\MILEBE DTS JPFIISLTIR ittt

HEEM M DITENSEZ R T DODHEREH

X | | Parameter | Unit | x| 0o

Soil Stiffness Goref kN/m? 8.50E+04 5000

Top layer — .
Friction angle o’ 32.5 2.5
Soil Stiffness Goref kN/m?2 1.05E+05 5000

Bottom layer —— .
Friction angle o' 37.5 2.5

INDA—AZDFEREE ( Hardening Soil model with small strain stiffness )

RD = 100 - (GF' — 60000),/68000 (%)
Ere" = 60000 - RD/100 (kN/m?)
«  E" = Ef (kN/m?)
E'e' = 3. EL (kN/m2)
707 = (2 — RD/100)-1E-4 (-)

KN =1—siny’ (-)



FHENSEEZRE LT/ /M ILERE D fEZ TS5

P

EE)

ma
EHELERE

S )

Trusted Global Innovator
NTT DATA Group

JIPTIJYrIJA ifitsH

NTTDaTta

&

o000
2 3 3
4> o> dp

B
T

BT a5

:

.

- [m] x® n results, Phase_2 [Phase_2] (2/80), £ |u[] — O X
PLAXIS In Program PLAXI Program
S pUt Og d FRIR 0 AT (H) S OUtpUt Og a BHE U-bM AFvav 0 IFA-ND HEI W) AT (H)
(@B ARON B | R B NEIE
Lﬂ‘ 0y & | B L ee| @ @ 8 ‘ & }| K = | == |Phase_2 [Phase_2] (1737 60) ME
== 3B e | Il | [0
= . b | 200.00
@ M-S (5 ! : B |2 @RS
) Phase_1 0= K oy | T @ FTR LD LB
() Phase_2 = 9 % ;E 160.00
o B o @ s 00
BRIHOAT0-3— (Phase 2| (B @& Rl 120.00
® < e - B @t 100.00
Jau] V|
9 Gl ARE 80.00
@ & B O Hi 60,00
e (B OV NS 40.00
@[V 4
x B 20.00
ETFILIHAF0 -5 (Phase_ @ 0.0(.'1
& B 73 £
@ ik =
i (| 2L [u] §BR 20.015)
P = A = 0.1969 m (E3E 543 at Fi D, 1833)
&M 15
@M {ua-71-2
@[ i T IR ESA
& @, :.. ae by | TR tyugy EFAEE
B & 7 @267> _calculate rs
2268> _\;iE'!J Fhase_2
oK o < »
< : vk B
=k . (-19.699 -47.185 - 34,346) Fa-1t4 Uk (259.724 -537,542 212.780)
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Trusted Global Innovator

RENSZEZEL-E//\MILEBE DTS T T IR et

* Python A7) TFDEITIRR

77ANF—=T

m PLAXIS 3D Ultimate SERVER ACTIVE on port 10000 (SECURED — O X
1L |REE J|RM = EEW fvya J1- 237 (0) IFAN-R(X) ALT

t{jgm a| Mo © a|«»|x|ﬁ=~|®-maDhai ol QR

INTG A—RZEE (CASE-1)

BRI AT
HAh7 077 Lk
fEREMEH
HA7RT 7 LET

INTA—RZEE (CASE-2)

49’7‘—3i0)5§ﬁ' Animation
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Trusted Global Innovator

FHENSZTZEZREL=T//INMILEBE DB TS JPFIIS L TIR st

- B/ RALOEESR (BFEE—E) * Response surface (it & fBTH)
GOref Soil stiffness
o' o -1 -2/3 -1/3 0 +1/3 +2/3 +1 Inclination (* )
-1 0.958 0.919 0.884 0.852 0.822 0.795 0.770
-2/3 0.902 0.865 0.832 0.802 0.774 0.748 0.725 1.0
%C)D -1/3 0.851 0.817 0.786 0.757 0.731 0.707 0.684 0.9
g 0 0.806 0.774 0.744 0.717 0.692 0.669 0.648
:‘§ +1/3 0.765 0.734 0.706 0.680 0.657 0.635 0.615 08
N +2/3 0.727 0.698 0.671 0.647 0.624 0.603 0.584 0.7
+1 0.692 0.664 0.639 0.615 0.594 0.574 0.556 -

Soil stiffness

Friction angle

ElEnfs () ——— 1.00
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Trusted Global Innovator
NTT DATA Group

JIPTIJYrIJA ifitsH

NTTDaTta

PENSEE B

L=/ /N1 IILEBEDOEFTEH

= Python ROYTrDaA—FT 12T EET

E PLAXIS 3D Ultimate: Model_for_Python.p3d * --- SERVER ACTIVE on pert 10000 (SECURED) - ] x
7?1‘I'L- (F) ‘RE () §'T' V) BEEI J-A(P

F7uav (0)

BHRIOAT0—3— (Phase_2)

- @E

TR, =, feLo_- o

EEARMEE.

s6H B

UE-RAIYT Y-/ -DEE (9) ..
Calculation Manager
PLAXISHY UY=L 77,05 F L E2-)

SACS-PLAXIS Suction Bucket Analysis... (Tech. Preview)

IrdllER (M)

125995 (1) ..

x»‘ FFART CASE NO INPUT

s CASE=
TIF45 (D) e : INITIAL
= n=0
IVVFTOVTH O BEFORE_RESULT=0
F]

Jupyter) =k (...

PLAXIS 3D V21

# CREATE TEXT FILE

test_file = open( 'PATAMETER-Z
test_file.writelines( [ GOref
test_file.close()

#

result_file = open{ 'L
result_file.writelines( [ "Uxl
result_file.close()

#

T.txt", "2")
t RD1\t E5SOrefl\t Ecedreflii

AST_STEP-Ux.txt', 'a")
X1Vt Ux2Wt Ux3\t Ux4\n"])

result_file = open{ 'LAST_STEP-Uz.txt', 'a')
result_file.writelines( [ "Uzl\t Uz2\t L,23 \t Uz4\n"]1)
result_file.close()

#

result_file = open{ 'LAST_STEP-Utot.txt', 'a')
result_file.writelines( [ "Utotl\t Utot2\t Utot3\t Utot4'n"]
result_file.close()

#
#

# DEFINE PARAMETER OF HSS model s
# INPUT RANGE OF PARANETER

IFACRX | AT H) File Edit Search View Tools Options Language Buffers Help
"‘(;9‘\9|--.,- (& wrosw® Q‘Qﬁ) IDSEHR & $BR@RX «~|Qa
S B el [ RERR .. Ctrl+F9 1 PARA.py
— o 1 Fimport csv ~ |*C:\ProgranData‘Bentley\Geotechnical \PLAXI5 Python Distributi
Z1-AI2270 E 7054735 (M) L4 2 #import random Traceback (most recent call Tast):
— 3 import math File "PARA.py", line &, in <module=
® ® B | | PY""D"‘XCJUjf‘EEﬂ' e 4 from plxscripting.easy import = s_i.open(r C:\Users’jts907032\Desktop \Monopile)Python\Moc
P . o 5 s_1, g_1 = new_server (' localhost’, 10000,password="12345673! File "C:\ProgramData‘\Bentley\Geotechnical\PLAXIS Python Dis
FMBAZT— 2 [Initi 5= E Python Y- JLEETT L4 [ s_i.open(r 'C:\Users'jts907032 \Desktop'Monopile\Python'Model_ result = self.connection.request_environment (PLX_CMD_OPEM
y = N - File "C:“ProgramData‘Bentley'\ Geotechnical\PLAXIS Python Dis
PT:E-I g E = Python (P) B pythond y5-TUFEHE(O. request = self._send_request(self. ENVIRONMENT_ACTION_PREF
Phase_2 =

File "C:“ProgramData‘Bentley'\ Geotechnical \PLAXIS Python Dis
raise PIxScriptingError{response.reason)
plxscripting. plx_scripting_exceptions.P1xScriptingError:
=Exit code: 1

7777

SCITE N(Scmtllla based Text Editor)
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Trusted Global Innovator

oty a N1 )LEED BB HTE R IPFIIY LT IR fitatt

>/

20.0 m

e (PZEAP)

BeamZEZCcET /L
BEE RIE
CASE-1 750 100

CASE-2 1000 100

CASE-3 1500 100

CASE-4 = 2000 100

Yo g N, ILERE
L=10m, D=5m, t=0.1 m
REZTET IV

16
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Trusted Global Innovator

ot rybR+H O3 NAILEE D BT IPFILIS TR

- Rigid body (R{AZExR)
A& - sEdZE L

K¥FEAH .
~ -
BIEE
g Rigid body A e [ I |
Rigid body . ‘ ‘

'Rigid body - % |

k\ A1o2—71—RE%K

% w4 (Multi-point-constraint)
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Trusted Global Innovator

o yhK+ SO a N1 ILERE D EEITER IPFIIPTIR st

- Rigid body& M L8R

¢ =2000 mm Rigid body

[*103 m]

I :

1 10000

[*102m]
150.00

140.00 140.00

130.00 130.00

12000 120.00

11000 11000

100.00

24 |u] (SR 20.0 &) 24 |u] (8R 10.0 )
BAE = 0.1409 m BAME = 0.1308m
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oty a N1 )LEED BB HTE R JPFILITIR o

Rigid bodyZ{# FHL =B B2 4T @ Master (A% : £0.25m)

time (sec)

A AYAT ARy NAD
VAVAVA PR
R EOTROOR O,
SYAVAVA" g AVAVA\J hhi%
) ATAVAYS EERD
vty RRERERE
TAVAVAVAY (e b SONVare
M SR
4|!” i ROORKA) E%‘
M V' VAV
R
Awgmumm ,‘ N
: e #
~ 015 ~ 015
£ o0 £ 010
X< 0.05 N 0.05
TE TN AL S 000 S 0.00
PREE e o \/\/\/V\/\/\/VW
8 -010 3 -0.10
= -0.15 L 015
A 0 2 4 6 8 10 2 0 2 4 6 8 10

time (sec) time (sec)

20





