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Preface

IGtHPile was developed in the scope of several research activities of the Institute
for Geotechnical Engineering (IGtH), Leibniz University Hannover (Germany), in
the field of foundations for offshore wind energy structures. It enables the
calculation of the behavior of open pipe piles under lateral as well as axial loading
with focus on design needs for offshore wind foundations. Various state-of-the-art
approaches are implemented and therefore the program can be used as a tool for

parametric studies and also for routine pile design.
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Laterally Loaded Piles

Part 1. Laterally Loaded Piles
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Laterally Loaded Piles — Generate Project

Generate project

=]
Wglci Bearbeiten Option Ergebnis Impressum Deutsch  Englisch
Cle]ce] [p]x] [S[=[s[=]1]
ek |
Axial belasteter Pfahl: Lateral belasteter Pfahl: Einstellungen:
Projektname: |
I Awiale Tragfahigkeit I Lastgesteuerte Berechnung I Kolk
Projektnummer |
I ZyKlische Tragfahigkeitsreduktion I Verschiebungsgesteuerie Berechnung I Verschiebung = I [m]
Standort: | :
Datum I I Grenzlastnachweis (DIN 1054) ™ p-y - Kurven lterationen = I [
Bearbeiter | I Lastgesteverte Berechnung I Grenzlastnachweis (DIN 1054) Elemente I 3
Kommentar. "tz - Kurven " WMinimale Enbindelange Toleranz: I [
" Q-z - Kurven I Last-Verschiebungslinie
" Steffigkeitsmatrix (Single)
I” Steifigkeitsmatrix (Feld)
[
[ |
& Prahlsektion 1 Prahimaterial
www.igth.uni-hannover.de
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Laterally Loaded Piles — Save Project

Save project

13l C:\Program Files) ZutHPile\Projectew.IGHH -13] x|
”
File Option Result  About German  English
DOREEEEE
Axially Loaded Piles: Laterally Loaded Piles: Settings:
Project Name: | . .
I Axial Capacity ™ Load-Controlled Calculation ™ Scour
Project Mumber: |
yclic Capacity Degradation isplacement-Contro aculation eflection < 1 m
I Cyclic Capacity Degradai I Displ Controlled Caculati I™ Deflecti [m]
Location: I
i < -]
Dale: [05/01/2015 - 12:34:33 I ULS Design Proof (DIN 1054) I~ py-Curves fterations < 20 O
2 oad-Control alculation esign Proo lements: 100 -
Editor: I” Load-Controlled Calcul I ULsSD Proof (DIN 1054 Element! [
Comments: IGtHPile " tz-Curves ™ Minimum Pile Length Tolerance: 0.0001 [
" Q-=z- Curves " Load-Displacement Curve
" Stiffness Matrix (Single)
[ Stiffness Matrix (Field)
o
G(_)ﬂ = 01-IGtHPile = 03 - Version V 3.0 ~ 05 - Calculation Examples ~ 02 - IGtHPie ~ [tz [ 02 - 16tPic durchsuchen @‘
Organisieren +  Neuer Ordner 4= - n@
' Favariten = Name = Anderungsdatum I Typ | Gréfe | |
z Droihox Es wurden keine Suchergebnisse gefunden.
Desktop
4 Bibliotheken
41 Downloads
=
4l Bibliotheken
& Pile Section =] Bider
- Material Zres T o D 1 W [ Dokumente
) No. [m] [m] [m] [m] [kN] o Musik
1 543,
1% Computer
‘:_‘7 System (C:)
\_u Lager (D3}
€| = USE (G2) .
9 Austausch (T:) = de
Dateiname: IExampIe Monopile. IGtH j
Dateityp: [Project (%.1GtH) |
“ Ordner ausblenden Speichem I Abbrechen |
oA
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Laterally Loaded Piles — Insert Pile Data

Add, insert or delete rows of pile
section or pile material, respectively Describe project Control parameter

=10l x|

German  English

131¥ D:\01 - Forschung\01 - IGtHPile\03 - Version V .. J'05 - Calculation Examples\02 - IGtHPile\Example MonopileI s
File Edit Option Result

Ll2[e]o]@] [»]x]

Project |
Axially Loaded Piles: Laterally Loaded Piles: Settings:
Project Nagpe? |Windfarm Xy e
™ Awial Capacity ™ Load-Controlied Calculation " Scour
Projecyflumber: |123456 \ N
I Cyclic Capacity Degradation " Displacement-Controlled Caculation i

|N0r‘th Sea

- i <

Da |05101,2015 123433 ™ ULS Design Proof (DIN 1054) " p-y - Curves lterations =

IHans Mustermann I Load-Controlled Calculation ™ ULS Design Proof (DIN 1054) Elements:

Comrgnts: Monopile for Wind Turbine xy " t-z - Curves ™ Minimum Pile Length Tolerance:
" Q-z - Curves I Load-Displacement Curve

[ Stiffness Matrix (Single)

" Stiffness Matrix (Field)

Timoshenko Beam
(default)
7\ N =

N
& pily Section [ - Pigumaterar \\
Material Zren - D t w Asnniar Acres \ E Ve v N Ge

No. [m] [m] [m] [m] [KkN] [m?] [m#] [m1 i [KN/m#] [KN/m?] [l \ [KN/m?]

1 0 10 5 012 1251.00732740___|1.83071665794__ | 10.6349540849__ | 547978003734 210000000 68 027 8771653543
2 2 10 20 5 01 2003.55734435... | 1.53038040025... | 19.6340540840._. | 4.62198965177...| 2 | 220000000 58 027 86}14173 2283
3| 2 20 30 5 0.08 2522 52207164... |1.23653086845... | 10.6340540840... | 3.74248432645.__
< | v | »

—
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Laterally Loaded Piles — Choose Between Calculation Types

Define soil parameters Choose calculation type

151K D:\01 - Forschung)\01 - 16" HPile\03 - Version V 3.0\05 - Calculation Examples\02 - IGtHPile\Example Monopile IGHH o [m]
File Edit Option/ Result About German  English
= N EEEEE [a]=]
Axially Loaded Piles: terally Loaded Piles: Settings:
Project Name: IW\ndfarm Xy S
™ Axial Capacity ¥ { oad-Controlled Calculation: ™ Scour
Project Number: |123456
I Cyclic Capacity Degradation ™ Pisplacement-Controlled Caculation I Deflection = I 1 [m]
Location: INOI'th Sea g s : b
< []
Date: [05/01/2015 - 12:24:33 I UL Bt (e (L (0 I §v-Cures lerations < [200 O
Editor: IHans Mustermann ™ Load-Controlled Calculation ™ BLS Design Proof (DIN 1054) Elements: I 100 H
Comments: Monopile for Wind Turbine xy I" t-z - Curves ™ Rinimum Pile Length Tolerance: 0.0001 H
I Q-=z- Curves I Noad-Displacement Curve
I Btiffness Matrix (Single)
™ PBtiffness Matrix (Field)
/ [
H
= Pile Section  Pile Material
No. Material g Zootom D t w Anrusiar Acide 1 No. E A v Gs
i No. [m] [m] [m] [m] [kN] [m#] [m?] [m’] i [KN/m?] [h/me] [l [KN/mE]
1 0 10 5 0.12 1251.00732740... |1.83971665794... | 19.6349540849... | 547978003734 .. 210000000 68 0.27 82677165.3943...
2 2 10 20 ] 0.1 2093.55734435... | 1.53938040025... | 19.6349540849... |4.62198965177...| 2 220000000 68 0.27 86614173.2283...
3 ‘ 2 20 30 5 0.08 2522.52297164... |1.23653086845... | 19.6349540849_.. | 3.74248432645...
«| | v | »
\ www.igth.uni-hannover.de
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Laterally Loaded Piles — Lateral Soil Parameters

12 p-y methods Beam model: Loading type:
available Timoshenko/ Bernoulli ~ Static or cyclic p-y curves

1514 D:\D1 - Forschung\01 - IGHHPile\03 - Versior. V 3.0105 - Calculation Examples\02 - IGtHPile\Example Monopile IGtH —[0l x|
File Edit Option Result Abglt German  English
[C2lelo]e] [p]x] [A=]E]=]0 ala
Project Lateral Soil Paramet |Luad|ng|
No. F1og Zgotom v 2 Kapi Ee Ao Aw G, Ay v Pt Clrag Clgetem €50 J
: [m] [m] [kN/m?] °] [kh/m=] [k/m?] H m=] | H [kh/m=] [/ [kM/m?] | 5|
1 N J pd 100

LINEAR ELASTIC SYSTEM

SAND (DIN 1054 2010-12)

SAND (REESE ET AL. 1974)
SAND (O'NEILL & MURCHINSON 1983)
SAND (WIEMANN ET AL. 2004)
SAND (SORENSEN ET AL. 2010)
SAND (SORENSEN 2012)

SAND (KALLEHAVE ET AL. 2012)
SAND (KIRSCH ET AL. 2014)
SAND (THIEKEN ET AL. 2015)
SOFT CLAY (MATLOCK 1970)
STIFF CLAY (REESE & COX 1975)

v >
Additional Information: Stiffness Matrix (Field):
Beamn Model  |Timoshenko-Bear = Soil Layers: [Standard vl Hstert 0 [kN] Hene: 100 [kN]  Number: 1 H
Loading: |Static Mstar: 0 [kNmM]  Mees: 100 [kNm] Number: 1T H
Load-Displacement Curve / Stiffness Matrix (Single): Lateral Soil Parameters: =
Initial Load: 0 [kN] Load Eccentricn:y:l 0 [m] No.: Layer Number
Method: Calculation Method
Increment: | 100 [kN] Zrs: Upper Layer Boundary
Zgowem LOWeEr Layer Boundary
Scour (API RP 2A): " Soil Unit Weight —
@' Internal Friction Angle
Global Scour: 0 [m] Limit Depth: 0 [m]from © Level (Global Scour) k' Initial Stiffness Coefficient
E...« Reference Value of Soil Stiffness Modulus
- & Level (Local S
Local Scour: 0 fm] Sl (fosalbco Ae= © aw Exponent of Stiffiness Modulus - Exponent of Wiemann Method

www.igth.uni-hannover.de
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Laterally Loaded Piles — References p-y Methods (1)

DIN 1054:2010-12: Deutsches Institut fir Normung e.V. (DIN), DIN 1054:2010-02: Baugrund -
Sicherheitsnachweise im Erd- und Grundbau - Erganzende Regelungen zur DIN EN
1997-1, 2010 (in German).
Note: Spatial earth pressure is used for determination of maximum bedding resistance.

Kallehave et al. 2012: Kallehave, D., LeBlanc Thilsted, C., Liingaard M.A.: Modification of the API p-y
formulation of initial stiffness of sand, Proceedings of the 7t International Conference
Offshore Site Investigation and Geotechnics, 2012, pp. 465 - 472.

Reese et al. 1974: Reese, L.C., Cox, W.R., Koop, F.D.: Analysis of Laterally Loaded Piles in Sand,
Proceedings of the Offshore Technology Conference, 1974, Paper No. OTC 2080.

O‘Neill & Murchison 1983: Murchison J.M., O’Neill M.W.: (1984). Evaluation of p-y-Relationship in Cohesionless
Soils, Analysis and Design of Pile Foundations (ASCE), 1984, pp. 174-191.

Identical to: American Petroleum Institute (API): Recommended Practice 2GEO - Geotechnical and
Foundation Design Considerations, Version October 2014.

Det Norske Veritas (DNV): Offshore Standard DNV-0S-J101, Design of Offshore Wind
Turbine Structures. January 2013.

Wiemann et al. (2004): Wiemann, J., Lesny, K., Richwien, W.: Evaluation of the Pile Diameter Effects on Soil-
Pile Stiffness, Proceedings of the 7" German Wind Energy Conference (DEWEK), 2004.

Sgrensen et al. 2010: Sgrensen, S.P.H., Ibsen, L.B., Augustesen, A.H.: Effects of diameter on initial stiffness of
p-y curves for large-diameter piles in sand, Proceedings of the 7" European Conference
on Numerical Methods in Geotechnical Engineering, 2010, pp. 907-912.
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Laterally Loaded Piles — References p-y Methods (2)

Sgrensen 2012: Sgrensen S.P.H.: Soil-structure interaction for non-slender large-diameter offshore
monopiles, PhD Thesis, Aalborg University Denmark, Department of Civil Engineering,
2012.

Kirsch et al. 2014: Kirsch, F,, Richter, T., Coronel, M.: Geotechnische Aspekte bei der

Grundungsbemessung von Offshore-Windenergieanlagen auf Monopfahlen mit sehr
grofRen Durchmessern, Stahlbau Spezial 2014 - Erneuerbare Energien, 2014, pp. 61 -
67 (in German).

Thieken et al. 2015: Thieken, K., Achmus, M., Lemke, K.: A new static p-y approach for piles with arbitrary
dimensions in sand, Geotechnik (submitted).

Matlock 1970: Matlock, H.: Correlations for Design of Laterally Loaded Piles in Soft Clay, Proceedings
of the Offshore Technology Conference, Paper No. OTC 1204, Houston, Texas, 1970.

Reese et al. 1975: Field testing and analysis of latterally loaded piles in stiff clay, Proceedings of the
Offshore Technology Conference, Paper No. OTC 2312, Dallas, Texas, 1975.
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Laterally Loaded Piles — p-y method
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Laterally Loaded Piles — Assigned Soil Parameters

p-y method Insert soil data By default:
(arbitrary combinations) in white fields K oo [MN/m3] = 0.008085 - ¢ 245-26.09

131§ D:\01 - Forschung\01 - IGtH ‘le\03 - Version V 3.0105 - Calculation Examples\02 - IGtHPile\Ex smple Monopile.IGtH =10l x|
File Edit Option [Result About German  English
EIEIEIE FEEE [a]a]
PrOJect Lateral Soil Harameters | Loadi |
T rog Zaotem M ¢ Kaer Ex Aes; Aw Gopes Aa v ‘ Peat ‘ Clires Clgotom ‘ Es0 ‘ J
= [m] [k 1 [kh/m*] [kN/m?] [ [khN/m*] [ [ [kN/m*] [kN/m?] [kN/m?] [ [
1 SAND(THIEKEN ET AL. 2015) < \ 0 \ 15 9.76 35 40000 0.6 89430.53 0.5 0.25
2 | SAND (THIEKEN ET AL. 2015) )’ 15 \\ 3 10.31 40 70000 0.5 106298.81 0.5 0.2
Additional Information: Stiffness Matrix (Field):
Beam Model: |Timoshenko-Bear » Soil Layers: IStandard - Haut 0 [kN] Heas® I 100 [kN]  Number: 1 H
Loading: [static - Mset 0 [kNm]  Mees I 100 [kNm] Number: 1TH
Load-Displacement Curve / Stiffness Matrix (Single): Lateral Soil Parameters- =
Initial Load: 0 [kN] Load Eccentricity: 0 [m] No.- Layer Number
Method: Calculation Method
Increment: 100 [kN] Zr.;- Upper Layer Boundary
Zacsn Lower Layer Boundary
Scour (API RP 2A): ¥': Soil Unit Weight —
@' Internal Friction Angle
Global Scour: 0 [m] Limit Depth: 0 [m]from ¢ Level (Global Scour) K: Initial Stiffness Coefficient
E...:. Reference Value of Soil Stiffness Modulus
- # Level (Local Scour
Lol Feter 0 [m ( ) Aes B Exponem ol Stiffness Modulus F_xponem of Wiemann Method
\ www.igth.uni-hannover.de
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Laterally Loaded Piles — Load Controlled Calculation

Start / Stop Insert pile head loadings Rotation Fixity at pile head
calculation (Unlimited load cases) 0 => free

inf => Full fixity

_(of x|
File Edit Optig About German  English
@lele]ef [e]x] Ya[=[=][=] EE

Prujectl Lateral Su\ﬂram& Loading |
N

Axial Load:

13l D:\01 - Forschung\01 - IGHHP: 23 - Version V 3.0\05 - Calculation Examples\02 - IGHPile\Example Monopile.JGEH

Viou Lateral Load: N

: M.,
v, (+) ; " (;\ (+) Raotation Fixity:
K] [k I — Hou
10000 50000 g 0 [kNm/Rad]
2 20000 50000

T —

MNo.

Load

Vi Vertical Load

H.. Horizontal Load

M. Moment

Total Rotation Fixity: inf

Displacement
X
u: Vertical Displacement IGEHPILE |

u,: Horizontal Displacement
©: Rotation

' See information box!

- Calculation
finished

www.igth.uni-hannover.de
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Laterally Loaded Piles — Calculation Output

Deflection line  Calculation output Change load cases Results in tabular form

_1Ol x|
File Ed Option  Result  About German  English

131 D:\01 - Forscaung)\01 - IGtHPile\03 - Version V 3.0\05 - Calculation Ex-.mples\02 - IGtHPile\Example Monop#—ZutH

D]@pdle]®] [»]x] =
ojec eral Soil Paramelersl Loadlg Lateral Calculation | (Jverstirden Pres‘sure'
Deflection 0talion| Shear Force' BendMeklame berdde Pressurel Stretching Factor' Stiffness Modulus | Dynamic Shear Modulus' Dvemew'
! ! ‘ T z
e- [m) m|
0 0.12288295...
2 0.3 0.12080598...
5+ 8 3 06 0.11873422...
4 09 011666824
5 12 0.11460860. .
6 15 0.11255588. .
T 0L | 7 18 0.11051061...
- 8 21 010847331
£ 9 24 010644452
k= 10 27 0.10442473 .
g 11 3 0.10241445
z 15 . 12 33 010041417 __
o 13 36 000842437
2 14 39 0.09644552.
£ 15 42 0.09447806...
& 20 & | 16 45 0.00252245._.
o 17 48 0.00057908
18 5.1 0.08864836...
19 54 0.08673066...
20 57 0.08482635...
-25 + . 21 5 008203575 __
22 63 008105020
23 6.6 0.07919701...
: : : : 24 6.9 0.07734045 .
30 1o : : ‘ I — } I — L1 — LC2 25 72 007551682
26 75 007360036
-0.04 -0.02 0.00 0.02 0.04 0.06 0.08 0.10 0.12 0.14 27 78 007189730
Horizontal Displacement [m] 28 8.1 0.07011088...
200 2 4 N NESANDIS hd

www.igth.uni-hannover.de
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File Result  About

CRue] [plx] [L]=][s]=]]

Edit Option

er5| Loading Lateral Calculation |Overburdeﬂ Pressure|

:\01 - Forschung\01 - IGtHPile\03 - Version V 3.0105 - Calculation Examples\02 - 1GtHPile\Example Monopile.IGtH

Laterally Loaded Piles — Calculation Output

Depth below Mudline [m]
o
1

30 ‘ Ly

A0 b

File

Edit

Option

MNo.

[m] [Rad]

Result

131 D:\01 - Forschung)\01 - IGtHPile\03 - Version V 3.0\05 - Calculation Examples\02 - IGtHPile\Example Monopile.IGtH

About

LClelu]er]e] [»][x] [$]=]s]2] ]

German

o [m] ]
English

T T T
0.0000  0.0005 0.0010

T T
0.0015  0.0020
Rotation [Rad]

T
0.0025

Depth below Mudline [m]

-5

j z Q
1 Ne- im] fka)

0 9999.99099. .
2 03 0071.46040.
T 3 06 9912 68310,
1 4 09 0823 80220
5 12 9704.20637...
5 15 0553 64002, .
1 7 18 937709373
| 8 21 0178 58403
9 24 805085204,
10 27 872253040,
11 3 8468 16437
T 12 33 8198 21479
1 13 36 7014.08678...
14 390 7617.03486...
15 42 7308 36786
1 16 45 6080 25302
| 17 48 6660.81038.
18 51 632414113
19 54 5060 24023
20 57 5630.08003. .
T 21 6 5274 61246,
1 22 63 401460022,
23 66 4551 15865,
: : 24 69 418481257
. — | i i i\— LC1 25 72 3816.40604.
26 75 3446 B5848.
-5 -10 5 0 5 10 27 78 307624717
Shear Force [KN] (10"3) 28 8.1 2705.81769...

00 P ne9s nenze

|GtH
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Laterally Loaded Piles — Calculation Output

\01 - Forschung\01 - IGtHPile\03 - Version V 3.0\05 - Calculation Examples\02 - IGtHPile\Example Monopile IGtH ACt u al
File Edit Option Result About
Cl@fu]o]e] [p]x] [El=]=[-]1] Maximal
'PmJect| Lateral Soil Parameters culation | Overburden Pressure| .
Deﬂect\un' Rotanon' Shear Fofce |Bending ioment bgrade Pressure | Stretching Factor' Stiffness Modulus | Dynamic Shear Modu\u5| Overwew| ReS|d u al
O T SRS o | Z M ..
ST Decisive
0 50000
53000 0NN L[N
5 L
1 File Edit Option Result About
: [Cl2lu]cle] [p][x] [S[=[S[=]]] [a]a]
-E- 10 : Project' Lateral Soil Parameters' Loading Lateral C € Pressure|
‘;‘ ) ] : Deﬂect|0n| Rntatmﬂl Shear Forcel Bending Morrgnt | Subgrade Pressure | ¥tretching Facmr| Stiffness Mmdulu5| Dynamic Shear Mndulu5| Dvenq yv| \J, , \J,
£ : 0 . ; ; . Ty e . ,
= i : : : : p_dec (LC 1) No. z Pa=t P Pre= p/pu Pesz
3 3 : : : : — p_act (LC 1) [m] [kN/m] [kN/m] [KN/m] [ [KN/m]
§ a5 | —— p_ult (LT 1) 0 0 0 0 pu 0
\ : : : : —— p_res (LC1)
° 1 : : : : - 2 0.3 95.1019928... |95.1023521... |95.1023521... | pu |95.1023521..
2 5 ; ; : : : 8 3 06 195954329 |250 884446 | 250884446 | pu | 250884446
< 1 3 : : ] 4 09 296.269353... |438.601260... |438.601260... | pu | 438.601260...
% 20 4 5 12 398.653088... |648.708548... |648.708548... | pu |648.708548..
[a] 6 1.6 501.884821... | 875.907855... |875.807855... | pu |875.907855..
1 'E‘ 10 + B 7 18 588.490835__ | 1116.73599__ | 1116.73599.__ pu 1116.73599
‘; 1 ] 8 2.1 661.6950998... | 1368.71840... | 1368.71840... | pu 1368.71840...
£ J 9 24 729.109642... | 1629.98307... | 1629.98307... | pu 1629.98307...
k= 10 27 791.071813... | 1899.05618... | 1889.05618... | pu 1899.05618...
g 1 3 847887085 . (217474248 | 217474248 pu 217474248
= -15 7 12 33 §99.831022... | 2456.05028... | 2456.05028... | pu | 2456.05028..
% 1 ] 13 36 947.160047... |2742.14164.. |274214164... | pu | 2742.14164..
E-] ] 14 39 990106372 |3032.29781__ | 303229791 | pu |3032.29781 .
= 15 4.2 102888994 | 332589515 | 332589515 pu 332589515
& 20 e i ] |8 48 [108371620. 262238589 362238589 | pu | 362238589
o | : : AN : : ] 17 4.8 1094.77877... | 3921.28540... |3821.28549... | pu | 3921.28549..
: : : : : ] 18 5.1 1122 26085... |4222 16155 (4222 16155 | pu | 422216155

19 54 1146.33631._ | 4524 62568 | 4524 62568 . pu 4524 62568 .

20 57 1167.17069... | 4828.32693... | 4828.32603. . pu 4828.32693. .

-25 - T 21 ] 1184.92188... |5132.94646... | 5132.94646... pu 5132.94646..
T 1 22 6.3 1199 74079 | 543819324 _ | 5438.19324 pu 543819324

1 23 66 121177189 _ | 5743.80047 __ | 5743.80047 . pu 574380047

: : : : 24 8.9 1221.15361... |6049.52263... |6049.52263... pu 6049 52263, ..

80 L0 ] (B2 o e o o
25 . ] . . | pu ]

0 10 20 30 40 50 60 70 80 90 27 78 1234 70435 | 696519265 . |6965.19265 . pu 6965.19265. .
Subgrade Pressure [kaI'I‘I] (10"3) 28 8.1 1234 76494 | 7269.26485... | 7269.26485... pu T269.26485. .

20 24 1222 79076 ZET2 ARQND TET2 ABQN2 Ay TFET2 AGANTD

I Gt H _ _ {11 || Leibniz
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Laterally Loaded Piles — Calculation Output

The stretching factor SF,, is depicted additionally if the p-y method
according to Thieken et al. (2015) is used.

131K C:\Program Files\IGtHPile\ExampleIGtH =1a] x|
File Edit Opton Result About e B
[C]2ala]e] [p]x] [L]=][[2]1]
"Project | Lateral Soil Parameters | Loading | [cadiDisp -Conirolled [ ateral Ca) : tburden Pressure |
'Deflection | Rotation | Shear Force | Bending Moment | Subgrade Pressufe Stretching Factor | sti Modulus | Dynamic Shear Modulus | Overview |
U T T T T T T LML I =
: : : : : e gigzt; e - lﬁﬂ Slif]m SF,[,Z];,...., Slf]w
—— SFpy.bend (LC 1)
: : 0 0 26 26
: 2 03 0 2 55004813 | 2 55004813
U 1 [a] oe 0 251825051 | 2 51825051
: 1 09 0 247761749, | 247761749 ..
: 5 12 0 2.43715977... | 243715977 ..
: 5 15 0 2.39688822... | 2.30688822...
_ R 117 18 0 2.35651311... | 2.35681311...
'E' : 8 21 0 231694426 | 231604426 .
£ ; 9 24 0 227729133 | 227729133
E : 10| 27 0 2.23786379... | 2.23786379...
= R TR TE IR 1 | 3 0 2.19867090... | 2.19867090...
2 : 12| 33 0 2.15972170... | 2.15072170...
E : 13| 38 0 2.12102502... | 2.12102502...
2 : 14| 39 0 208258942 .. | 2.08258942...
e TR 1 |15 a2 0 204442320 | 204442320
: 16| 45 0 200653441 | 2 00653441
: 17| 48 0 1.96893081... | 1.96893081...
f 18| 51 0 1.93161986... | 1.93161986...
o 1 |19 =4 0 1.69460847... | 1.89460847 ..
: 20| &7 0 1.85790314... | 1.85790314 ..
; 21 6 0 182151002 | 1.82151002.
: 2| &3 0 178543491 | 178543491
: : s .' } 23| 66 0 174968328, | 1.74968328...
. . ? . . o 1 |2l se 0 1.71426024... 1.71426024...
25| 72 0 1.67917056... | 1.67917056...
Factor [] 2% 75 0 1.64441866... | 1.64441866... -
| www.igth.uni-hannover.de
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Laterally Loaded Piles — Soil Stiffness Modulus

Control applied soil stiffness modulus E, Aes = 0.0
= E, = constant

131 D:\01 - Forschung\01 - IGtHPile\03 - Version V 3.0\05 - Calculation Examples\02 - IGtHPile\Example Monopile IGtH

File Edit Opton Result About 0.0 > AES < 1_0

[Lf2le]o]e] [»]x] [E]=[2]2]]

PrOJect| Lateral Soil Paramerers| Loading Lateral Calculation |Overburden Pressure| :> ES - parabo I I C
'Deﬂecti0n| Rotatioml Shear Forcel Bending Moment| Subgrade Pressure| Stretching Facfor :'"E‘;'tﬁfﬁééé"ﬂEid’d\’dé“:l Dypamic Shear Modu\us| OveN\ew|
0 AL L B B B B B B B B \\‘_/'/ Z E. A j— 1 0
1 : : : : : : : No. ml KN/ Es "
0 0 = E. = linear
2 0.3 3601.08717 ... S
S5 o+ . 3 06 | 545822749 .
4 09 6961.55707 .
5 1.2 8273.12583...
: : : : : : : 6 1.5 9458.35559...
Taol N o ] s e, Overburden pressure
'; 1 : : ! : : : : 8 21 11574.2393
£ 9 2.4 12539.7138...
g : : : : : : : 10 2.7 13457.9571... T
: : : : : : : 1 3 14336.1862... M 1
§ A5 L N d D [T 5 wsime et GV +2-GV -(1—S|n([))
L ] : : : : : : : 13| 36 [159934583 (@) =
@ : : : : : : m
f=] 14 3.9 16780.2971...
:E 15 42 17543.2663...
B o LN ] el e e
[=] i : : : : : : : 7 4.8 19006.6520...

18 51 19710.7426...
19 5.4 20398.4485..
: : : : : : : 20 57 21071.0314__
-25 + : : : : : : : T 21 6 21729.5950...
] : : : : : : 22 6.3 223751116,
23 6.6 23008.4436...
24 6.9 236303500
25 72 24241.5497 .

=30 e e

26 7.5 24842.6339...
0 10 20 30 40 50 60 70 80 90 100 110 | 78 254341743
Stiffness Modulus[kN/m?] (1043) 28 81 26016.6810_
ol eu  oceoncice
No. Method Zrao Zazearn v 9 Kae: Ecre N As v dE
[m] [m] [kN/m?] 1 [N/ [KN/m?] kl KN/m] kl | [KN/m?]
SAND (THIEKEN ET AL. 2015) - 0 15 976 35 40000 06 #9430.53 05 025 \ 100 )
2 | SAND (THIEKEN ET AL. 2015) - 15 31 10.31 40 70000 05 106208 81 05 02 N 100

v ——

Relevant: DIN 1054:2010-12; Sorensen (2012); Kirsch et al. (2014); Thieken et al. (2015)

I Gt H _ _ {11 || Leibniz
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File Edit Option Result About
[Cl[u]ew] [p]x] [L[=[d][=~]]

13§ D:\01 - Forschung\01 - IGtHPile\03 - Version V 3.0\05 - Calculation Examples\02 - IGtHPile\Example Mono, e IGtH

Project' Lateral Soil Parameters' Loading Lateral Calculation |Overburden Pressure|

Control applied dynamic shear modulus G,

Laterally Loaded Piles — Soil Stiffness Modulus

Ago = 0.0
= G, = constant

0.0> A5 <1.0
= G, = parabolic

Relevant: Kirsch et al. (2014); Thieken et al. (2015)

Deflection | Rotation | Shear Force | Bending Moment | Subgrade Pressure | Stretching Factor | Stiffness Moduffis | Dynamic Shear Modult | Overview | A - 1 O
0 ! T T — Go GO )
7 : : . [m] [KN/m?] G — I
| moo — o = lInear
: 2 03 120262577
5+ : . 3| o0& 170076988
1 : 4 09 | 20830.0894...
: 5| 12 awssies Overburden pressure
: 6 15 | 268915208
T .10 - : ] 7 18 | 294581950..
- : 8 21 | 31818.4872..
£ : 9 24 | 34015.3036...
T : 0| 27  [360787732
g : I 3 38030.3662...
= 15 + : 4 |12| 33 |30886.5845..
=) : 13| 36 | 41660.1789...
2 : 14| 39 433612880
£ : 15| 42 440081361
3 20 L : | 16| 45 | 46577.4950..
Q : 17| 48 | 48105.0310..
: 18] 51 405855300
: 19 54 | 51023.0004..
: 20| 57 |52421.2422..
25 — : 1 21 [3 53783.0507...
1 : 22| 63 551112364
: 23| 66 |56408.1488...
: : 24| B9 | 57675.9060...
230 ‘ } I — —r — — N ‘ 25| 72 | 58016.3900...
26| 75 [601312887
0 20 40 60 80 100 120 140 160 e —_— 13221220,
Dynamic Shear Modulus [kN/m?] (10*3) 28 8.1 62490.2683...
20 2 A FRE2E OTAA
No. Method Zrep Zactem v P ‘ Kapi ‘ Eers Ace | aw Goer Ao Ny v /' Pt
[m] [m] [kN/m?] 1 [KN/m?] [KN/m?] kl [KN/m?] kl \ | [KN/m?]
SAND (THIEKEN ET AL. 2015) - 0 15 976 35 40000 [ 89430.53 05 ) FEAN 100
2 | SAND (THIEKEN ET AL. 2015) - 15 31 10.31 40 70000 05\, | 10620881 05 02 N 100

el |GtH
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Option

About

Clelu]er]®] [»]x] [$[=]s]=] ]

Overview of main calculation results
(for post processing)

13 D:\01 - Forschung)\01 - IGtHPile\03 - Version V 3.0\05 - Calculation Examples\02 - IGHPile\Example Monopile.JGEH
File Edit

Prujectl Lateral Soil Parametersl Loading Lateral Calculation |Overburdem Pressure'

Deﬂectmn' Rotanon' Shear Fnrce| Bending MOH"IEHI' Subgrade Pressure' Stretching Fact0r| Stiffness Modulus' Dynamic Shear Modulus [ Overview

Laterally Loaded Piles — Overview of Main Results

=10l x|

German  English

e z y €] Q M pu SFouso SFoyzens SFay iml
[m] [m] [Rad] [kN] [kNm] [kh/m] [kh/m] H H H

0 0.0458377055067263 | 0.00293825377902587 |  0000.0000009993 50000 0 0 0 26 26
2 0.3 0.0449385177417575 | 0.0020248410932575 | 9971.46040213258 | 53000.0000000019 | 951010028927908 | 05.1023521524303 0 2.56488142705736 | 2.6548814270573¢
3 06 0.0440435270859796 | 0.00291064820056653 | 9912.68310318873 55091.44082064 195.054320806045 | 250.884446330502 0 2.50997345250544 | 2 5009734525054¢
4 09 0.0431530267647355 |0.00260567851208142 | 0823 80220706477 | 58065.2457515033 | 206260353760011 | 438.601260652057 0 2.46520078070154 | 2 4652007807915¢
5 1.2 0.0422673083084512 | 0.00287993779657637 | 9704.20637048571 | 61912.3864407148 308.65308861325 | 648.708548761651 0 2.42084806677708 | 2.4208480667770¢
[ 15 0.0413866623646502 | 0.00286343419841006 | 9553.64002404832 | 64823.6483516503 501.88482141972 875.00785534253 0 2.37665986838558 | 2.3766508683855¢_|
7 18 0.0405113773578446 |0.00284617827175308 | 0377.00373332456 |  67680.740620077 588.400635774502 | 1116.73500601118 0 2.3327406638023 2.3327406638023
8 21 0.0396417282549178 |0.002862818279556795 | 9178.56493379060 | 70502.8687400700 | 661.605008403421 | 1368.71840147831 0 2.28910425332086 | 22801042533208¢
9 24 0.0387770780580793 |0.00280946242188645 | B050.85204118776 | 73256.4442202008 | 720100642045602 | 1620.98307020662 0 2.24576383241008 | 2.2457638324100¢
10 27 0.0379203816833495 |0.00279003345064473 | 8722.53049715413 | 75044.3998415675 791.07181344386 1899.05618523724 0 2.2027321910267 2.2027321919267
11 3 0.037060185606242 | 0.00276001360811064 | 8468.16437156728 | 78561.1580007035 | 847.887085240142 | 2174.74248841087 0 2.16002170404113 | 2.1600217040411¢
12 a3 0.0362246280747342 |0.00274012237261850 | 8198.21479402038 | 81101.6083021723 899.83102217232 | 2456.05028893579 0 2.11764430943566 | 2. 1176443004356¢
13 36 0.0353860370483484 |0.00272767995700815 | 7014.06676056026 | B83561.0727406470 | 047160047850020 | 2742.14164089607 0 207561150545064 | 2.0756115054506¢
14 30 0.0345563354034648 | 0.0027056080079764 | 7617.0348687701 85036.2027748188 | 990.106372648321 | 3032.29791717605 0 2.03393433526608 | 2.0339343352669¢
15 4.2 0.0337330312791 | 0.00268202049967196 | 7308.36768674385 | 88220.4032354467 | 1028.88004341946 | 3325.89515516458 0 1.00262337816060 | 1.9926233781606¢
16 45 0.0329172269961394 | 0.0026506676244633 | 698025302362174 | 90412.0136011712 | 1063.71620709574 | 3622.38580734059 0 1.05168874083302 | 1.9516867408330:
17 48 0.0321001144058186 | 0.00263584750732311 | 6660.61038067205 | 02500.6805082518 | 1094 77877980767 | 3021 28549301802 0 1.01114004981217 | 1.91114004981217
18 5.1 0.0313088756590515 | 0.00261149411542054 | 6324.14113424562 | 94507.93532561569 1122.2608514177 4222 1616630779 0 1.87098644488764 | 1.8700864448876¢
19 5.4 0.030516683006075 |0.00258663336200367 | 5080.24023948007 | 96405.1776654273 | 1146.33631500131 | 4524.62668827339 0 1.83123657358182 | 1.8312366735818:
20 57 0.0207326001557855 |0.00256120192487137 |  5630.0800318570 | 08100.2407372730 | 1167.17060203634 | 4828.32603678713 0 1.70180858650630 | 1.7018085865063¢
21 [ 0.0289570763040912 |0.00253540601765446 | 5274 61246747360 | 00888.2764468305 | 1164.02188130077 | 5132.94646475273 0 1.75208013421803 | 1.7529801342180¢
22 6.3 0.02818005698056 | 0.00250927590655034 | 4914.69022812805 | 101470.660187067 | 1199.74079780691 | 5438.19324183877 0 1.71448836364145 | 1.7144883636414¢
23 6.6 0.0274314735626266 |0.00248265683938238 | 4551.15865025021 | 102945.067255506 | 1211.77189626875 | 5743.80047463830 0 1.67642001717338 | 1.6764200171733¢
24 6.9 0.0266817483466085 |0.00245566797865133 | 4184.81257574407 104310.41485328 1221.15361832688 | 6040.5226367234 0 1.638681003128002 | 1.6388100312800:
25 72 0.0259408035447779 |0.00242833783781243 | 3816.40604202445 | 105565.858625405 | 1228.01677240411 6355.1320740208 0 1.60163703644000 | 1.6016370364400¢
26 75 0.0252000112077402 |0.00240069512073141 | 3446.6584842045 106710.780708011 1232.4048504072 | 6660.42130286223 0 1.564013357766 1.564913357766
27 78 0.0244861037013783 |0.00237276866410132 | 3076.24717805666 | 107744.778253272 | 1234.70435380336 | 6065.19265026414 0 1.52864451635577 | 1.5286445163567:
Izs 8.1 0.0237725228476305 |0.00234458738332007 |  2705.8176037385 108667 652406601 | 1234.76404773633 | 7260.26485208305 0 1.40283463133010 1.492534631'33sqli;|

4 4
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Laterally Loaded Piles — Displacement-Controlled Calculation

131 D01 - Forschung\01 - IGtHPile\03 - Version V 3.005 - Calculation Examples\02 - 1GtHPile\Example MonopileIGtH [ 3]
File Edit Option Result About German  English
[Cllu]cw] [p]x] [L[=[d][=]]
Project | Lateral Soil Parameter5| Disp\acement|
Axially Loaded Piles: Laterally Loaded Piles: Settings:
Project Name: IWlndfarrn Xy
I Axial Capacity qad-Controlled Calculation ™ Scour
Project Number: [123456
I”| Cyclic Capacity Degradation lacement-Controlled Caculation I Deflection < I 1 [m]
Location- INOfTh Sea . s :
< []
Date: [05/01/2015 - 12:34:33 I ULS Design Proof (DIN 1054) p-y - Curves eErsa [ ©
Editor: IHanS Mustermann " Load-Controlled Calculation " ULS Design Proof (DIN 1054) Elements: I 100 [
Comments: Monopile for Wind Turbine xy ™ tz - Curves ™ Minimum Pile Length Tolerance: | 0.0001 [
" Q-z- Curves ™ Load-Displacement Curve
" Stiffness Matrix (Single)
I Stiffness Matrix (Field)
B
E
@ Pile Section < Pile Material
No. Material Z1ep Zactom D t w Asnoutar Acice 1 No E V= v Gs
) [m] [m] [m] [m] [kN] [m?] [m?] [m‘] : [kN/m?] [kh/m?] 5| [kN/m?]
1 0 10 ] 0.12 1251.00732740... |1.83971665794... | 19.6349540849... |5.47978003734. .. 210000000 68 0.27 82677165.3543 .
2 2 10 20 5 0.1 2093.55734435... [1.53938040025... | 19.6349540849_. |4.62198965177...| 2 220000000 68 0.27 86614173.2283 ...
3 ‘ 2 20 30 5 0.08 252252297164 . [1.23653086845_._ | 19.6349540849_ |3.74248432645.
« | vf4] [ >
\ www.igth.uni-hannover.de
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Laterally Loaded Piles — Displacement-Controlled Calculation

Insert pile head displacements & rotations
(Unlimited load cases)

1ol x|
File Edit Option Result About German  English

CREEE bX GEEED  EE

PrOJectI Lateral Soil Parameters i__@_!_?e'ﬁ?_?w?r]t“‘l Lateral Calculation | Overburden Pressure

Axial Displacement: Vou, Lateral D\splacemenw M8,
u. (+) = (+)
No. [l : (] Rad] >

0.05 0005 _A "
L

Displacement

u.: Vertical Displacement
u,: Horizontal Displacement
©: Rotation

Load

Vi Vertical Load

Hs: Horizontal Load

M Moment

Total Rotation Fixity: inf

www.igth.uni-hannover.de
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Laterally Loaded Piles — Displacement-Controlled Calculation

151 IGEHPILE =0l x|
File Edit Option Result About German  English
Clala]ala] [p]x] [&[2]=][=] ] [Aline s deleted within the table!|
'ijectl Lateral Soil isplacement Lateral Calculation |Overburden Preasure'
Deﬂeclionl Rotatl nding Momenl| Subgrade Pressurel Stretching Factorl Stiffness Modulusl Dynamic Shear Modulusl Overview
0
T T T I i [ﬁl]
)
o [-3479.4303..
: : ‘ 2 03
5 L. SRR s RETERLE S T
File Edit Option Result About
[Cle[a]ofe] [p]x] [o[=]:]-]]
'E‘ A0 N EE R I P T RRRPIONE: ijectlLaleralSoiIParan'leterle'
E' ' ' ' ©Deflection| Rotation | Shear For
3 ° ! ! ! f o |2 M
= A5 : ! P
S 1| o [s0540306
2 R S S S S A% S | P S
= 3 06 304444 089
‘:1. 4 09 303373696
a -20 + 5 12 302276367
[: 15 301143.060...
'E‘ T o R S S PP, i 7 1.8 290064.717...
o 8 21 208734.236...
25 L e £ 9 24 297445728
E] 10 27 206093 947
= 11 3 204574.232
= T T O S S PP TR i " 2s e3182 475
.30 i — o i - i E 13 36 201615.081...
15 4 12 10 8 - 4 = 14 3.9 289968.939. .
o : : : : 15 42 288241 387
ShearFOfGe[KN](‘IOA:ﬂ 8 _20 —+ N A N - 16 45 286430174
: : : : 17 48 284533 454
18 5.1 262540.748..
; : : : 19 5.4 280477.922 .
25 L . : : B 20 5.7 278317163
: : : : 21 [: 276066.954..
: 22 63 273727 060
: : : : 23 66 271297 512
0 ; ; ‘ ‘ ; [— 11| 24 6.9 268778.582...
h J i T T ! J i J 25 7.2 266170.773...
0 50 100 150 200 250 300 350 25 75 63474700
Bending Moment [KNm] (10*3) 27 7.8 260691.568...
28 21 257292 1£0Q

1 Leibniz
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Laterally Loaded Piles — p-y Curves

Presentation of p-y curves

131K D:\01 - Forschung\01 - IGtHPile\03 - Version V 3.0\05 - Calculation Examples\02 - IGtHPile\Example MonopileIGEH o [
File Edit Option Result About German  English
[Clu]ce] [p]x] [L[=[S[=] 1]
Project | Lateral Soil Parametersl
Axially Loaded Piles: Laterally Loaded Piles: Settings:
Project Name: IWindfarm Xy
™ Axial Capacity Load-Controlled Calculation ™ Scour
Project Number: |123456
I”| Cyclic Capacity Degradation Risplacement-Controlled Caculation I Deflection < I 1 [m]
Location: INOfTh Sea ¢ St : &
- = - |
Date: 0510172015 - 12:34:33 ™ ULS Design Proof (DIN 1054) Curves herations < [200 H
Editor: IHans Mustermann I~ Load-Controlled Calculation LS Design Proof (DIN 1054) Elements: I 100 H
Comments: Monopile for Wind Turbine xy I~ t-z- Curves I~ Minimum Pile Length Tolerance: I 0.0001 [
™ Q-=z- Curves ™ Load-Displacement Curve
[ Stiffness Matrix (Single)
" Stiffness Matrix (Field)
[
H
i« Pjle Section  Pile Matenal
No. Material g Zaotem D t w Ainnwiar Agirde 1 No. E Y= v Gs
i N [m] [m] [m] [m] [kN] [m?] [m?] [m‘] i [kh/m?] [kh/m?] 5] [kN/m?]
1 0 10 5 0.12 1251.00732740... |1.83971665794._. | 19.6349540849... |5.47978003734. .. 210000000 68 0.27 82677165.3543 .
2 2 10 20 ] 0.1 2093.55734435... [1.53938040025... | 19.6349540849._.. |4.62198965177...| 2 220000000 68 0.27 86614173.2283 .
3 ‘ 2 20 30 5 0.08 2522.52297164... [1.23653086845... | 19.6349540849_.. | 3.74248432645...
| | v | v
| www.igth.uni-hannover.de
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Laterally Loaded Piles — p-y Curves

Graphical presentation of p-y curves; Basic curves in
case of p-y curves according to Thieken et al. 2015

Data of p-y curves
displayed in vertical list

131 D:\01 - Forschung\01 - IGtHPile\03 - Version V 3.0\05 - Calculation Examples\02 - IGtHPile\Example Monopile.I6 tH =lol x|
File Edit Option Result About German  English
[l@[a]ce]@] [p]x] [L[=[:[=] ] EIB]
Prujectl Lateral Soil Parameters p-y - Curves | QOverburden Pressure'
P-Y - Curves |
100 T ! ! No. v P ]
r : : [m] [m] [khi/m]
| 43 0 0 0
44 0 0 0
50 L i 45 0 0 0
46 0 0 0
I a7 0 0 0
= | 18 0 0 0
s 19 0 0 0
= 0 | 1 03 01584560 | -95 102352
g 2 0.3 -0.1056373... | -85.102352..
= 3 0.3 -0.0528186... | -69.772405..
o 4 0.3 -0.0422549... | -64.706415..
I 5 0.3 -0.0316912__ | -59.640426.
50 ___ [STUUURUUR S i 6 03 -0.02112747... | -51.078439.
| T 0.3 -0.0105637... |-36.1179110.
: 8 0.3 -0.0095073... | -34.264458..
: 9 0.3 -0.0084509 . | -32.304841.
1 : : 10 0.3 -0.0073946__ | -30.218412.
-100 : : ‘ | | : ; : | , | | . 1 0.3 00063382 | -27.976813.
6 4 2 0 2 4 6 12 0.3 -0.0052818... | -25.539219..
13 0.3 -0.0042254.._ | -22.842972..
yiml 14 03 00031691 _ | -19.782504.
—T=0 T=03 T=06 T=09 T=12 — T=15 —— T=18 T=21 T=24 — T=27 T=3 —— T=33 — T=38 15 03 000211274 | -16.152420..
— T=39 T=42 —— T=45 T=48 T=61 —— T=54 —— T=5T7 T=8 T=63 —— T=88 T=68 —— T=72 —— T=758 16 03 _0.0010563._. |-11.4214863.
—— T=78 —— T=81 —— T=84 —— T=87 T=9 ——T=93 — T=95 T=98 —— T=102 — T=105 T=108 T=11 — T=114
— T=117 — T=12 T=123 — T=128 T=1289 T=132 — T=135 — T=138 — T=141 —— T=144 T=147 T=15 —— T=153 17 03 -0.0007023... | -0.8012972.
— T-158 T=158 — T=162 T=185 T-188 T=171 T=174 — T=177 — T=18 —— T=183 T=186 — T=189 — T=132 18 03 -0.0005281 | 79967559,
T=195 T=198 T=201 T=204 T=207 — T=21 —— T=213 — T=21% T=213 — T=222 T=225 — T=228 — T=231 19 0.3 -0.0002640._ | -5.4619715.
—— T=234 —— T=237 —— T=24 —— T=243 T=248 T=249 —— T=282 —— T=255 T=288 — T=261 T=264 —— T=267 — T=27 20 03 -0.0001056... | -3.2766976..
T=27.3 T=278 —— T=27% —— T=2082 T=286 —— T=288 T=281 T=284 —— T=286 —— T=207 T=30 21 0.3 70228033 Q.TE?GGdiI.;I
«| | B

www.igth.uni-hannover.de
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Laterally Loaded Piles — p-y Curves

Presentation of p-y curves with
p-y values for applied loading

131H D:\01 - Forschung\01 - IGtHPile\03 - Version V 3.0105 - Calculation Examples\02 - IGtHPile\Example MonopileIGtH =10l x|
File Edit Option Result About German  English
Cl@[a]cle] [p]x] [L]=]=]-]]
Project | Lateral Soil Parametersl Loading |
Axially Loaded Piles: iy Loaded Piles: Settings:
Project Name: IWmdfarm Xy
I Axial Capacity -Controlled Calculation " Scour
Project Number: [123456
I Cyclic Capacity Degradation cement-Controlled Caculation ™ Deflection = 1 [m]
Location INDfTh Sea : : F
< [-]
Date: [08/01/2015 - 12:34:33 I ULS Design Proof (DIN 1054) Curves erations = 0 H
Editor- |Hams Mustermann I Load-Controlled Calculation LS Design Proof (DIN 1054) Elements: 100 [-]
Comments: Monopile for Wind Turbine xy " t-z- Curves ™ Minimum Pile Length Tolerance: 0.0001 [
" Qz-Curves I” Load-Displacement Curve
I Stiffness Matrix (Single)
I Stiffness Matrix (Field)
See information box! = 05/01/2015 13:23:20 ;l
|
= Pile Section " Pile Material
o8 Material Zrop Zoctom D t w y. Acide 1 No E V= v Gs
i [m] [m] [m] [m] [kN] [m?] [m?] [m‘] } [kh/m?] [kN/m?] [ [kN/m?]
1 0 10 5 0.12 1251.00732740... |1.83971665794... | 19.6349540849... | 547978003734 210000000 68 0.27 82677165.3943...
2 2 10 20 5 01 2093.55734435__. | 1.53938040025... | 19.6349540849__ |4 62198965177 2 220000000 68 0.27 86614173.2283___
3 | 2 20 30 5 0.08 2522 52297164 .. | 1.23653086845... | 19.6349540849___ | 3.74248432645_
o | v]4] | »
\ www.igth.uni-hannover.de
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Laterally Loaded Piles — p-y Curves

p-Yy curves with stretching factors
for method: Thieken et al. (2015) p-y values for applied loading

=0l x|
File Edit Option Result About German  English
[Cl@la]ede] [p]x] [f=fa]-]] [a]]
'Prcuectl Lateral Soil Parameters' Loa Wg| Lateral Calculation p-y - Curves | Overburden Pressurel
PfoCurvesl
Hk = 10000 [kN], Mk = 50000 [kNm Z N =
/ kN, [kNm] no| AS . r
— T T T T —
2000 —+ 39 0 0 0
- 40 0 0 0
T 41 ] 0 0
1000 —- = 42 0 0 0
T g 43 0 0 0
il — = 44 0 0 0
0 S ] 45 0 0 0
E E ] 46 ] ] ]
E 1000 g 47 0 0 0
o ] 48 0 0 0
] 49 0 0 0
2000 b 1 0.3 -0.0620209... | -95.102352_
B 2 0.3 -0.0413472... | -95.102352.
] 3 0.3 -0.0206736... | -69.772405.
-3000 B 4 0.3 -0.0165389... | -64.706415.
B 5 03 -0.0124041... | -59.640426_
i 6 0.3 -0.0082694. .. | -51.078439_
000 Lo ol A0 ke 7 03 -0.0041347... |-36.1179110
8 0.3 -0.0037212... | -34.264458._
-0.01 0.00 0.01 0.02 0.03 0.04 0.05
9 03 -0.0033077... | -32.304841_
y[ml 10 03 00028943 | 30218412
A current T=0 ——T=03 —— T=086 —— T=08 —— T=12 T=15 T=18 T=21 —— T=24 — T=27 T=3 —— T=33 T 03 00024805 | -27.976813.
T=386 T=39 T=42 —— T=485 —— T=438 T=61 —— T=54 T=87 —— T=8 —— T=83 —— T=88 T=68 —— T=72 12 03 _0.0020675... | -25 539210,
- T=T5 —— T=738 T=81 —— T=84 —— T=87 —— T=9 —— T=93 —— T=96 —— T=99 T=102 — T=105 T=108 — T=111
— T=114 T=117 — T=12 —— T=123 — T=126 T=128 — T=132 — T=135 — T=138 — T=141 T=144 T=147 T=18 13 03 -0.0016538. | -22 842972,
—— T=163 —— T=15686 T=158 T=162 —— T=1856 —— T=168 — T=171 T=174 — T=177 T=18 —— T=183 T=188 T=1889 14 03 -0.0012404. . | -19.7825094.
T=182 — T=195 T=1238 T=201 —— T=204 —— T=207 T=21 — T=213 T=216 — T=218 — T=222 — T=225 T=228 15 03 -0.0008269... | -16.152420.
— T=231 — T=234 T=237 T=24 —— T=243 T=246 — T=2489 T=262 —— T=255 — T=258 —— T=261 —— T=264 T=287 16 0.3 -0.0004134... |-11.4214863
— T=27 T=273 — T=2T% —— T=2789 T=282 —— T=288 T=288 —— T=281 —— T=284 —— T=28% T=287 — T=30 17 03 -0.0003101... | -0.8012072.~
< ] B

www.igth.uni-hannover.de
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Laterally Loaded Piles — ULS Design Proof acc. to DIN 1054

ULS design proof according to
German standard DIN 1054:2010-05

=101

German  English

318 D:\01 - Forschung\01 - IGtHPile\03 - Version V 3.0\05 - Calculation Examples\02 - IGtHPile\Example MonopileIGtH
File Edit Option Result About

[Cl2lu]o]e] [p]x] [of=]-]-1]
Project |Latera\ Soil Parameters| Load Cases (ULS-DIN 1054)|

Axially Loaded Piles: Laterally Loaded Piles: Settings:
Project Name: IWmdfarm xy |
I Axial Capacity Load-Controlled Calculation ™ Scour
Project Number: |123456
™| Cyclic Capacity Degradation (/) Displacement-Controlled Caculation ™ Deflection < 1 [m]
Location- INOfTh Sea . SR . A A
Date: IDSIDUZlIH 5-123433 ™ ULS Design Proof (DIN 1054) - Curves lterations = 200 [
Editor: |Han5 Mustermann " Load-Controlled Calculation 9 Design Proof (DIN 1054) Elements- 100 [-]
Comments: Monopile for Wind Turbine xy " tz-Curves inimum Pile Length Tolerance: 0.0001 [
" Q-=z- Curves " Load-Displacement Curve

[ Stiffness Matrix (Single)

I Stiffness Matrix (Field)

Ha = 10000 [kN]
W, = 50000 [kMm]
lterations = 17 —= Calculating time = 0.15 [s]

H, = 20000 [kN]
W= 60000 [kNm]

Iterations = 18 —= Calculating time = 0.11 [s]
See information box! = 05/01/2015 13:39:45

|

% Pile Section " Pile Material

Material Zrop Zgatom D 1 w Atnouiar Aciae | No E Ys Gs
[m] [m] [m] [m] [kN] [m?] [m?] [m‘ i [kh/m?] [kN/m?] M [kN/m?]

1 0 10 ] 0.12 1251.00732740... [1.83971665794. . |19.6349540849_. | 5.47978003734... 210000000 68 0.27 82677165.3543_..
2 2 10 20 5 0.1 2093 55734435 __ |1.53938040025_ _ |19.6349540849__ |4 62198065177 | 2 220000000 66 027 666141732283
3 | 2 20 30 5 0.08 2522 52297164 __|1.23653086845.__ |10.6349540840 |3 74248432645

| vl | »

No.

4
| www.igth.uni-hannover.de
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Laterally Loaded Piles — ULS Design Proof acc. to DIN 1054

ULS design proof according Characteristic, Characteristic,
to DIN 1054:2010-05 permanent loading variable loading

13l D:\01 - Forschung\01 - IGtHPile\03 - Version V 3.0 \05 - Calculation Examples\02 - IGtHPile\Example Monopile IGtH = EI
File Edit Option Result About German  English
™ SN

Cle[a]ofe] [p]x] [ p=i=e EEl

iject| Lateral Soil Paramet@ Load Cases (ULS-DIN 1054) |

Axial Load: v Vv, Lateral Load: M,. 6,

(+) \ (+)

Vi Vi Hax Mo H Mo

No. No. —
[kN] ‘ [N T =—teNay_ . H,:u

1 zoo00 100000 ) 10000 50000 ) )
Partial Safety Factors (GEO-2): Default Values: BS-P Partial Safety Factor; Default Values: BS-P

Compression Resistance (y:): 14 [
Tension Resistance (Yai): 1.5 [

Permanent Effect (ye): 135 H

Favourable Permanent Effect (yam):

Soil Resistance (y=): 14 [

Permanent Effect (yz): 135 [
gvourable Variable Effect (yq): 15 [

Unfavourable Variable Effect (yq):

Soil-Weight (Effect) T
Einwirkung

Ve« Characteristic vertical Load, Permanent P artl al Safety faCtO rS =

Ha Characteristic horizontal Load, Permanent

Mz Characteristic Moment, Permanent DI N I by d f It
Vqu Characteristic vertical Load, Variable Va u es e au
Hqx Characteristic horizontal Load, Variable

Mas: Characteristic Moment, Variable

www.igth.uni-hannover.de
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Laterally Loaded Piles — ULS Design Proof acc. to DIN 1054

Variable loading existing:

Determination of Ba+ox
— Load: Hg + Hox / Mg+ Mg

Determination of Box

B, = bl"op(z) dz
—> Load HQ,k/ MQ,k

4
o Epnsc= | Pul2) o2
Determination of B

— Bgx = Bgrok - Bok
Ultimate limit state proof:

E
. ph.k
B ve < 7

Design proof:

Soil resistance p
BG,d + BQ,d < Eph,d

Ephk

Bek Y6 ¥Bok Yo =
TR

Regarding the suitability of the ULS design proof according to DIN 1054 please see:

Thieken, K., Achmus, M., Schmoor, K.A. (2014): "On the ultimate limit state design
proof for laterally loaded piles", Geotechnik 37 (1), pp. 19-31.

) ] J: { Lei.bniz. )
30 I Gt H Calculation Examples IGtHPile V 3.0
Institut fiir Geotechnik to9:4 || Hannover




Laterally Loaded Piles — ULS Design Proof acc. to DIN 1054

Corresponding Design Utilization
point of rotation proof ratio

_ 1ol %]
File Edit Option Result About German  English

Clefe]cf®] [»]x] [<[=][E]=]]

ULS Design Praof (DIN 1054) |

N
0 ——— BG+Qk [KN/m] -—> HG k+HQ k= 30000 [kN], MG k+MQ k= 150000 [kNm] - ( z K Boa Boa+Bas n
——— BQ,k [KN/m] -—> HQ k= 10000 [KN]; MQ k= 50000 [kNm] ' [m] [kN) [kN] [kN] [kN] [
— Eph"‘_ [kN/m] i 1 24 57062 533, | 27208 847 | 84361381, 334868 24| 0.2510240...

Depth below Mudline [m]

80 20

Bk; Eph,k [kN/m] (1073)

| www.igth.uni-hannover.de
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Laterally Loaded Piles — Minimum Pile Length

Insert loading of interest,
start calculation Reducing pile length to minimum

131 D:\01 - Forschung\01 - 1.,tHPile\03 - Versiin V 3.0105 - Calculation Examples\02 - IGtHPile\Example Monopile IGtH - EI|5|
File Edit Opffon ReMWIt Abogt German  English
Dlefafo]i] [»[x) ATETNC]
Project | Lateral Soi metd sl Loadmgl
Axially Loaded Piles: Uaterally Loaded Piles: Settings:
Project Name: |Wmdfarm Xy . .
I Axial Capacity '} Load-Controlled Calculation " Scour
Project Number: |123456
I~ Cyclic Capacity Degradation | Displacement-Controlled Caculation ™ Deflection < 1 [m]
Location: INDfTh Sea : pacly e - r
< -]
Date: [0s/01/2015 - 12:34:33 I ULS Design Proof (DIN 1054) N/p-y - Curves fterations = 200 [
Editor |Hans Mustermann ™ Load-Controlled Calculation Design Proof (DIN 1054) Elements: 100 [
Comments: Manopile for Wind Turbine xy " tz-Curves um Pile Length Tolerance: 0.0001 [
" Qz-Curves oad-Displacement Curve
I Stiffness Matrix (Single)
I Stiffness Matrix (Field)
=
-
* Pile Section © Pile Material
Mo Material Zrog Zaotom D t w . F—— Acice | Mo E Y= v Gs
i No. [m] [m] [m] [m] [kN] [m?] [m?] [m’] [kN/m?] [KN/m?] [ [kN/m?]
1 0 10 5 0.12 1251.00732740... | 1.83971665794... | 19.6349540849... | 547978003734 ._ 210000000 68 0.27 8§2677165.3543...
2 2 10 20 5 0.1 2093.55734435__. | 1.53938040025... |19.6349540849__ |4 62198965177__| 2 220000000 68 0.27 86614173.2283
3 | 2 20 30 5 0.08 252252297164 .. |1.23653086845. . (19.6349540849__ | 3.74248432645.
< (I KN | v
www.igth.uni-hannover.de
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Laterally Loaded Piles — Minimum Pile Length

Find minimum pile length for Data for pile length z
tolerable head displacement / head rotation displayed in vertical list

131 D:\01 - Forschung)\01 - IGtHPile\03 - Version V 3.0\05 - Calculati on Examples)\02 - IGtHPile\Example Monopile IGtH (=] B3]
File Edit Option Result About German  English
[Clela]cele] [p]x] [Sl=]==]1] EIE]
’ lersl Loading  Minimum Pig Length | Overburden Pressure
Lateral Head Displacement Rotation|
— Y
| ! ! [~ Hk= 10000 [kN], Mk = 50000 [kNm] No. "Zk] o

| f Z ] 30 | 0045837705
T : : b 207 0.046517210...

2

3 20.5 0.046858904...

4 204 0.047166247
B 5 201 0.047868011_

6

7

8

28.8 0.048622392...
28.5 0.049432451...
282 0.050301956._.
a9 279 0.051232430___
10 276 0.052235791...
1 273 0.053300296...
12 27 0.054453648...
13 267 0.055677702_.
14 26.4 0.056990751...
7 15 26.1 0.058398957 ...
16 25.8 0.050913884...
17 255 0.061540201__.
18 252 0.063290021__.
1 19 249 0.065167518...
20 246 0.067180754...
21 243 0.069352601._.
22 24 0.071685920.__
23 237 0.074189631...
24 234 0.076883893...
25 231 0.079809166._

Lateral Pile Head Displacement [m]

0 : ‘ \ ‘ f i f f f f f ‘ 26| 228 | 0082051695
10 25 30 35 27| 225 |[oo0se3zasea..
Pile Tip at Depth [m] 28 222 0.089985188...

20 24 0O N NO2022472 il

e ———
| www.igth.uni-hannover.de
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Laterally Loaded Piles — Load-Displacement Curve

Generate load- Stop calculation at certain
displacement curve pile head displacement

131 D:\01 - Forschung\01 - IGtHPile\03 - Version V 3.0\05 - Calculation Examples\02 - IGtHPile\Example Monopile IGtH -13] x|
File Edit Option Result About German  English
Clefa]ofe] [p]x] [El=]d]=]1
Project | Lateral Soil Parametersl
Axially Loaded Piles: Usterally Loaded Piles: Settings: \
Project Name: IW\ndfarm Xy
I Axial Capacity '} Load-Controlled Calculation ™ Scour
Project Number: |123456
I Cyclic Capacity Degradation '} Displacement-Controlled Caculation ¥ Deflection = [m]
Location: INorth Sea
< are’ -
Date: [05/01/2015 - 12:34:33 ™ ULS Design Proof (DIN 1054) I} py - Curves lterations < o [
Editor: IHanS Mustermann " Load-Controlled Calculation R,JLS Design Proof (DIN 1054) Elements: 100 [
Comments: Monopile for Wind Turbine xy " t-z - Curves nimum Pile Length Tolerance: 0.0001 [
™ Q-z-Curves -Displacement Curve

iffness Matrix (Single)

I Stiffness Matrix (Field)

=
[

< Pile Section ' Pile Material

No. Material . Zgotem D t w Ainnwiar Agirde 1 No. E Y= v Gs

i No. [m] [m] [m] [m] [kN] [m?] [m?] [m’] ) [kh/m?] [kN/m?] [l [kN/m?]
1 0 10 5 0.12 1251.00732740... | 1.83971665794.__(19.6349540849._.. | 5.47978003734... 210000000 68 0.27 82677165.3543_.

2 2 10 20 5 0.1 2093.55734435... | 1.53938040025... |19.6349540849... |4.62198965177...| 2 220000000 68 0.27 86614173.2283...

3 ‘ 2 20 30 5 0.08 2522 52297164 .| 1.23653086845___ |19.6349540849._ .. |3.74248432645_

o I3 KX | »

| www.igth.uni-hannover.de
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Laterally Loaded Piles — Load-Displacement Curve

Define initial horizontal load H, horizontal load Pile head moment
increment and horizontal load eccentricity M=H-10m

13 D:\01 - Forschung\01 - IGtHPile\03 - Version V 3.0\05 - Calculation Exampls \02 - IGtHPile\Example Monopile IGtH

=10l x|

File Edit Option Result About German  English

[Cl2]u]e]e] [p]x] [L]=[a]5]] Bl

Project Lateral Soil Parameters |

No Method ‘ Itz ‘ Zaztem ' Q' ‘ Kaps ‘ Ear Aes  Aw G, Az v Pras ‘ Cursy ‘ Clzasm ‘ €50 ‘ J
i [m] [m] [kN/m?] [l [KN/m?] [kN/m=] [ [K [ [ [KN/m?] [KN/m=] [KN/m?] [-] [-]

1 | SAND (THIEKEN ET AL. 2015) - 15 l 9.76 35 40000 06 %430,53 0.5 0.25 100

2 | SAND (THIEKEN ET AL. 2015) - 15 31 I 10.31 40 70000 0.5 1/105295.81 0.5 0.2 100
4| [ ¥

¥ v 4
Additional Information: Stiffness Matrix (Field):
Beam Model: [Timoshenko-Bear vl oil Layers: [Standard - Hsa 0 [kN] Hena: 100 [kN]  Number: 1 H

Loading: e 7] Msiat 0 [kNm] Mew 100 [kNm] Number- TH
W Curve / Stiffness Matrix (Single): Lateral Soil Parameters: =
10 [m]

Initial Load: 0 [kN] Load Eccentricity: No.: Layer Number
Method: Calculation Method
ﬁemem: 100 [kN]

Zs- Upper Layer Boundary

Zaowm: LOWeT Layer Boundary

Scour (API RP 2A): ¥': Soil Unit Weight _ |
@' Internal Friction Angle
Global Scour: 0 [m] Limit Depth: 0 [m]from ¢ Level (Global Scour) k- Initial Stiffness Coefficient

E...« Reference Value of Soil Stiffness Modulus
- # Level (Local Scour;
Local Scour: 0 [ml ( ) A ; aw: Exponent of Stifiness Modulus ; Exponent of Wiemann Method

=

www.igth.uni-hannover.de
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Laterally Loaded Piles — Load-Displacement Curve

! 1 - Forschung\01 - IGtHPile\03 - Version V 3.0\05 - Calculation Examples\02 - IGtHPile\Example Monopile. IGtH - EI|5|
File Edit Option Result About German English

Clela]e]e] [»[x] [S[=[s]=] ]

ad-Deformation |Dverburden Pressure

Load-Defl

0.007 T T T T T T T T T =
1 : : : : : J No. [km;n] ‘ [R(Zd] 1
1 : : : 131 D:\01 - Forschung\01 - IGtHPile\03 - Version V 3.0\05 - Calculation Examples\02 - IGtHPile\Example Monopile IGtH =lolx|
0.006 T File Edit Option Result About German English
I : : : [Ol@[u]c]@] [p]x] [[=[=]-] ]
- : : : : i Parameters Load-Deformation |Overburden Pressure
0005 L { Load-Deflection | Molent-Rotation |
: : : T T T T Hx u w
_ 1 : : : 3 : : : : Ho. [KN] m
= 0.004 _j. e R e B | 2 100 000014575
E - = 3 200 0.00033843
: T 4 300 0.00055518
E D003 e 3 400 0.00079017
2 L : : 6 500 0.00104049
& o ] 7 600 0.00130446
T B 8 700 0.00158095
o002 L g 9 800 0.00186918
41 H 10 900 0.00216859
T § 11 1000 0.00247922
T E_ _ 12 1100 0.00280072
0001 I . § 13 1200 0.00313229
41 H 14 1300 0.00347363
T ; 15 1400 0.00382454
[ & 16 1500 0.00418472
o000 et i e i — i — 4 |17 1600 0.00455425
0 2 20 60 80 18 1700 0.00493273
Moment [kNm] (1 19 1800 | 0.00531999
20 1900 0.00571587
B 21 2000 0.00612023
22 2100 0.00653337
23 2200 0.00695473
24 2300 0.007358418
: 25 2400 0.00782193
i +——— 26 2500 0.00826785
14 16 27 2600 0.00872154
Lateral Load [kN] (10%3) 2|8 2700 0.0091|832_5|;|
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Laterally Loaded Piles — Stiffness Matrix (Single)

Generate stiffness matrices  Stop calculation at certain
for single load eccentricity pile head displacement

131§ D:\01 - Forschung\01 - IGtHPile\03 - Version V 3.0\05 - Calculation Examples\02 - IGtHPile\Example MonopileIGtH -0 LI
File Edit Option Result About German  English
[Clefu]e]e] [p]x] [Sl=]-[=]1]
Project |Latera| Soil Parameters'
Axially Loaded Piles: Laterally Loaded Piles: Settings: &
Project Name: |Windfarm Xy .
I Axial Capacity ™ Load-Controlled Calculation " Scour
Project Number: |1 23456
" Cyclic Capacity Degradation " Displacement-Controlled Caculation ¥ Deflection < [m]
Location: |Nurth Sea
- < (a¥= -
Date: 0510172015 - 1234 33 I ULS Design Proof (DIN 1054) ™ p-y- Curves lterations < o [
Editor |Han5 Mustermann I Load-Controlled Calculation ULS Design Proof (DIN 1054) Elements: 100 [
Comments: Monopile for Wind Turbine xy I” tz - Curves Minimum Pile Length Tolerance: 0.0001 [
" Q-z - Curves oad-Displacement Curve
ess Matrix (Single)
fness Matrix (Field)
|
El
 Pile Section " Pile Material
No Material oy Zaotom D t W Annuiar Acice | No E Y= v Gs
. No. [m] [m] [m] [m] [kN] [m*] [me] [m] . [kN/m?] [kN/m*] [ [kh/m=]
1 0 10 5 012 1251.0073274. . | 1.8397166579... | 19.634954084.. | 54797800373 210000000 68 027 82677165.354 .
2 2 10 20 5 0.1 2093.5573443__ | 1.5393804002_. | 19.634954084_. | 46219896517 __ | 2 220000000 68 0.27 86614173.228_ .
3 | 2 20 30 5 0.08 2522.5229716... | 1.2365308684... | 19.634954084... | 3.7424843264...
4| | vl | »
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Laterally Loaded Piles — Stiffness Matrix (Single)

AH) (K Koz Auyj Hy —Hp) (Koo Kaz) (uyo—-uy

AM) K3z Kgzz) | A® M, -My) K3z Kz3) | 0;-0
with: AH = 1E-6 - H,

Load-Displacement Curve / Stiffness Matrix (Single):
Inc \mx Bad: Load Eccentricity: 10 [m]
nigement:

Calculation procedure for generating stiffness matrices (1) — (4)

B M

Result: u,4.6,

H,= H,+ AH
2= Hy _9

@ M,=M,+AH-h

Result: uy,. 0,

e ()0

Result: H;. M,

Result: H, M,

_Ha-h,
0, -6,

23

Ksp =

M3 —M;

Uy —Uyg

|GtH
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Laterally Loaded Piles — Stiffness Matrix (Single)

Define initial horizontal load H, horizontal load Pile head moment
increment and horizontal load eccentricity M=H-10m

(ol
File Edit Option Result About German  English
[Cl@]a]c]@] [»]x] [S[=]L]=]0 E1E]
Project Lateral Soil Parameters | Lnadmgl Lateral Calcy atluml Overburden Pressurel
No Method e g 0 - ‘ o ‘ i Aot 2w Gayat Az v Pt ‘ Cure; ‘ CUgatern ‘ Esg ‘ J
) [m] [m] [kh/m?] g [KN/m?] [kN/m?] 5 [kN/m?] [ [ [kN/m?] [kN/m?] [kN/m?] [ [
SAND (THIEKEN ET AL. 2015) - 0 15 9.76 35 40000 / 0.6 89430.53 0.5 0.25 100
2 | SAND (THIEKEN ET AL. 2015) - 15 31 10.31 40 70000 / 0.5 106298.81 0.5 0.2 100
y
Additional Infarmation: Stiffness Matrix (Field):
Beamn Model- Timosnenko-Beale Soil Ldvers:  |Standard - Hewrt 0 [kN] Hens: 100 [kN]  Number: 1H
Loading: [Static vl N\ Msae: 0 [kNmM]  Mees: 100 [kNm] Number: 1TH

v

Load-Displac: ness Matrix (Single): ¢ Lateral Soil Parameters: =
Initial Load: 0 [kN] Load Eccentricity: 10 [m] No.: Layer Number
Method: Calculation Method
Increment: | 100 [kN] Zry: Upper Layer Boundary
— — Zaowm: LOWer Layer Boundary
L —— 1= i
Scour (API RP 2A): Y- Soil Unit Weight ]
@' Internal Friction Angle
Global Scour: 0 [m] Limit Depth: 0 [m]from ¢ Level (Global Scour) k’ Initial Stiffness Coefficient
E...+ Reference Value of Soil Stiffness Modulus
- & Level (Local Scour,
Local Scour: 0 [m] ( ) A ;2w Exponent of Stifiness Modulus : Exponent of Wiemann Method

| www.igth.uni-hannover.de
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Choose matrix entry

Show stiffness matrix

Laterally Loaded Piles — Stiffness Matrix (Single)

Values in tabular form

1314 D:\01 - For schung\01 - I1GtHPile\03 - Version V 3.0105 - Calculation F-.amples\02 - IGtHPile\Example Monopile IGtH 1ol x|
File it Option Result About German  English
! ! No. Ha Hs U Uy Kaz M
| [kN) [kN] [m] [m] [kh/m]
100.000393581777 100 0.000145754045305... | 0.000145753668436... | 2225320.1022445¢
| 2 | 200.000380991937 200 0.000338437201037_.. | 0.000338436004022 . 1802126.9685755¢
3 | 300.000388772615 300 0.000555184657865... | 0.000555184431335... | 1716196.67081197
r ] 4 | 400.000387082086 400 0.000790178447657... | 0.000790178204594... | 1592519.13563257
20 4 5 | 500.000386457135 500 0.001040405458345... | 0.001040495200010... | 1501212.06433845
6 | 600.000386016552 600 0.001304463228609. . | 0.001304462058241... | 1427204 30546382
7 | 700.000385860058 700 0.001580956601635... | 0.001560956319094... | 1365676.43077851
—_ r § | 800.000385877986 800 0.001869188459123... | 0.001869188165169... | 1312681.92322527
© | 9 | 900.000386077046 900 0.002168591450727... | 0.002168501145855... | 1266328.0682379%
=4 10 | 1000.00038733502 1000 0.002479223440368. . | 0.002470223132050. . | 1224213.0072703¢
et I 11| 1100.00038716535 1100 0.002800719063365... | 0.0028007187366853 | 1185126.92656302
E 151 — 12 | 1200.00038748421 1200 0.003132287613034... | 0.003132287276357... | 1150821.5144599¢
£ 13 | 1300.00038737159 1300 0.003473636180819... | 0.003473635843355... | 1118121.7149303
~ 14 | 1400.00038786263 1400 0.003824519755529... | 0.003624519309476... | 1089475.1273898¢
g [ 15 | 1500.00038802536 1500 0.004184701530906... | 0.004184701165423_. | 1061733.1345882¢
r ] 16 | 1600.00038817375 1600 0.004554221173854 | 0.004554220800335... | 1039259.7698724%
| 17 | 1700.00038865887 1700 0.0049327068476920... | 0.0049327060942649 | 1015671.7930618€
18 | 1800.0003891595 1800 0.005319987017424. . | 0.005310086625736... | 993490.54535578€
1.0 + 7 10 | 1900.0003903235 1900 0.0057156881886070... | 0.005715881486361... | 974286.80065747%
3 20 | 2000.00039002403 2000 0.006120249308449.... | 0.006120248900348... | 955685.62832836¢
| i 21| 2100.00039065838 2100 0.006533408527630... | 0.006533408110767... | 937109.89567180¢
22 | 2200.00039157466 2200 0.006954783046217... | 0.006054782620671... | 920210.185051617
i 23| 2300.000391821 2300 0.007384244348723_.. | 0.007364243014551.. | 902552 367092404
L 24 | 2400.00039226549 2400 0.007821990405388... | 0.007621089964093...  868986.61122038
e v o e e AT = s SN Kool s b
0.000 0.005 0.010 0.015 0.020 0.025 |57 2700 00039405945 2700 0.000183320792029. . | 0.0091833203268585 | 847157.304811535
Pile Head Displacement [m] 2|s 2800.0003048317 2800 0.009652999400621... | 0.0096529989270922 ssasmﬁasslamisl;l
4 »
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Laterally Loaded Piles — Stiffness Matrix (Single)

Note: The matrices are valid for tangential calculations. Therefore, the calculation accuracy
depends on the applied load increment. The control windows depict the load-deflection
curve and the moment-rotation curve based on the multiplied stiffness matrix. Make sure
that the deviation to the applied load increment is small enough for your purpose.

131 D:\01 - Forschung\01 - IGtHPile\03 - Version V 3.0\0 ; - Calculation Examples\02 - IGtHPile\Example Monopile IGtH ;Igly
File Edit Option Result About German  English
Cla[ulo]e] [o]x] |- [a[e]
'PmJect| Lateral Soil Parameters St el Overburden Pressure|
e N e e e e
0.025 T T T T No AH FAH AU, FAU,
1 : [kN] [kN] [m] [m]
(ER 0 0 0 0
] 2 I98,507641063412E‘ 95.5076410634128 0.000175621813875086 0.000175621813875986
: : : 1 3 l 99.6751865932?86‘ 198.182827661691 0.0002057797386583 0.000381401552534285
0.020 T 4 99.8583585918676 &98.041186253559 0.000226352502898386 0.000607754055432672
] 5 99 8757726421709 MSSEQS?S @
— 1 6 99.9091470709167 JQF,SQGWW _ %
E. 7 99.9313914347626 597.75749740140¢ AHapleed - 100 kN 0553
E : : i 4 g 99.9563754121104 697.71387281352 1839
E D01 b ] 9 99.9792907311473 797.693163544667 UUUUZYI00YD | 1UD 11Oy wuu rwoaar ooy 8015
) : : : i 10 99.9960107982757 897 689174342943 0.00030451623262083 0.00225939360240098
E 1 11 100.011195022792 897 700368365735 0.000316341088866778 0.00257573468126776
% 12 100.004650581439 1097.70501994717 0.000326590243611282 0.00290232493487904
E : : : 13 09 9686963869489 1197.67371633412 0.000336528290245002 0.00323885322512404
g 0.010 L .. ... ; 14 99.9139521553362 1207 58766848946 0.00034621141080604 0.00358506463593008
@ ' : : : 15 \ 99 8427193787713 ’ 1397 43038786823 0.00035564674752609 0.00394071138345617
i : : : 1 16 ‘ 99.7348398471411 I 1497.16522771537 0.000364878913628915 0.00430559029708509
E ] 17 \1 00.267001 ?92994 1597.43222950837 0.00037390194394157 0.00467949224102666
] 18 \00,10906781338’ 1697 54129732175 0.000382745369091537 0.0050622376101182
. . . 19 1\0,080491 3451’4 1797 62178866684 0.000391680259599703 0.0054538178697179
0.005 + : : : . 20 00Ng06433443647 1897.60243201177 0.000400343912111821 0.00585426178182072
: : : 4 21 100. 6691 1998.04455722846 0.000408766829311238 0.00626302861114096
J 22 100.188196734938 2098.2327539634 0.0004170280647586724 0.00668005667592768
i 23 100.102374361922 2196.33512832533 0.000425535258909177 0.00710559193483686
1 24 99.9119653664095 2296.24709369373 0.000433769006626626 0.00753836103146369
0000 ey 2| t00rsoariozrzs | ssswovioiosa | ooousssrasomossssz | ooosssoszaratooss
0 1000 2000 3000 4000 5000 27 99.9477933183147 2596 62060972162 0.000457904081908251 0.00888872790344069
Lateral Load [kN] 2|s 100.26552796411 2608 89513768573 0.000465494123071472 0,0093542220265]216 hd
4 »
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Laterally Loaded Piles — Stiffness Matrix (Single)

Overview of all relevant calculation
values (for post processing)

131 D:\01 - Forschung\01 - IGtHPile\03 - Version V 3.0\05 - Calculation Examples\02 - IGtHPile\Example Monoj ile.IGtH ;Iglil
File Edit Option Result About German  English
[Cl2lu]ole] [px] [=]-]-]1]
Project | Lateral Soil Parameters ~ Stiffness Matrix (Single) | Overburden Pressure |
Kz | Kn | Ko | Ka | Control (LoadDeflection) | Control (MomentRol
[— =
. Hy He AHiz M Mz Az Uy Ue AUz e e: AB:z Kaz Kas Kaz Kas
[kN] [kN] [kN] [kNm] TkNm] TkNm] [m] [m] [m] [Rad] [Rad] [Rad] [kN/m] [kN/Rad] TkNm/m] [kNm/Rad]
100 100.0001 0.00010000. .. 1000 1000.001 (0.00099999_.. |0.00014575... |0.00014575.. | 1.76866368... |1.76174544 _ |1.76174741._ | 197197299 | 222532019 | -14887984 . | -14887973. . | 184239887.
2 200 200.0001 0.00010000... 2000 2000.001 0.00099909 . |0.00033843... |0.00033843._ | 2.06114080... | 3.83048270... | 3.83048485._ | 2.14904435.__ | 16621269 -13493168 -13493863. 175947203,
3 300 300.0001 9.99999999. .. 3000 3000.001 0.00099999... | 0.00055518... |0.00055518... | 2.26529665... |6.04113872_.. |6.04114099_.. |2.266770591... |1716196.67 ... |-12737626.... | -12738771.... | 171413786.
4 400 400.0001 0.99999999. .. 4000 4000.001 (0.00099999... | 0.00079017... |0.00079017... | 2.43062733... | §.35544534... | §.35544770... | 2.35930579... | 1592519.13._ | -12166021.... | -12167497.... | 167729305.
5 500 500.0001 999999999 5000 5000001 0.00100000_.. |0.00104049... |0.00104049... | 2.57435310... |0.00010754.__ |0.00010754 . | 2.43842416._ | 1501212.96.__ | 11744943 __ | -11747069.._. | 165016196.
6 600 600.0001 ©.69099998 6000 6000001 0.00100000_.. | 0.00130446... | 0.00130446.. | 2.70457671... |0.00013228.__ | 0.00013228 . | 2.50901080... | 1427294 .30 | -11396391___ | -11398813 . |162714072.
7 700 700.0001 9.99999999. .. 7000 7000.001 0.00100000... |0.00158095... |0.00158095... | 2.82540852... |0.00015770... |0.00015770... | 2.57375609... | 1365676.43. | -11103044____ | -11105616.... | 160751692.
8 800 800.0001 9.99999999. .. 8000 8000.001 0.00100000... |0.00186918... |0.00186918... | 2.93954007... |0.00018373... |0.00018373... | 2.63431583... | 1312681.92._ | -10847573.... | -10850446.... | 159018508.
9 900 900.0001 999999999 9000 9000.001 (0.00100000... |0.00216859... |0.00216859... | 3.04872273.. | 0.00021036... |0.00021036... | 2.69177684. .. | 1266328.06.. | -10622753. . | -10626086.... | 157480563.
10 1000 1000.0001 |9.99099900 10000 10000.001 |0.00100000... | 0.00247822 | 0.00247822 | 316400119 | 0.00023762 . | 0.00023762 . | 2.75860181__. | 1224213.00__. | -10409703.._ | -10413868... | 155659696.
1 1100 1100.0001 |9.99999999... 11000 11000.001 |0.00100000... | 0.00280071... | 0.00280071... | 3.26679937... | 0.00026547... | 0.00026547... | 2.81108451... | 1185126.92... | -10208732.... [-10213162.... | 154234068.
12 1200 1200.0001 |9.99999999... 12000 12000.001 |0.00100000... |0.00313228... | 0.00313228... | 3.36677575... | 0.00029382... | 0.00029382... | 2.86160397_.. | 1150821.51... | -10039711.... [ -10043451.... [153087052.
13 1300 1300.0001 |9.99999999... 13000 13000.001 |0.00100000... | 0.00347363... | 0.00347363... | 3.46464302... | 0.00032267... | 0.00032267... | 2.91047660... | 1118121.71... | -0868666.9... | -9872461.2... 151856970
14 1400 1400.0001 |9.99999999_ 14000 14000.001 |0.00100000... |0.00382451.. | 0.00382451._ | 3.56051156... | 0.00035199__. | 0.00035199__. | 2.95810276__. | 108947512 . | -9726171.1._ | -8730749.3._ | 150898807
15 1500 1500.0001 |9.99999999. . 15000 15000.001 |0.00100000... | 0.00418470... | 0.00418470... | 3.65482690... | 0.00038177... | 0.00038177... | 3.00443560... | 1061733.13... | -9581027.5... | -9585413.9... [ 149858314
16 1600 1600.0001 |9.99999999... 16000 16000.001 |0.00100000... |0.00455422 | 0.00455422 | 3.73518665.. | 0.00041201|0.00041201. .. |3.04307033.. | 1030250 76 | -0463032.6 . |-0467923.2 _ [140041126.
17 1700 1700.0001 |9.99999999. . 17000 17000.001 |0.00100000... | 0.00493270... | 0.00493270... | 3.82655244... | 0.00044269... | 0.00044269... | 3.06745941... | 1015671.79... | -9342205.8... | -9347113.8... | 148201141..
18 1800 1800.0001 |9.99999999 18000 18000.001 |0.00100000... |0.00531998.. | 0.00531998.. | 3.91688058. . | 0.00047375__. | 0.000473756__. | 3.13100593__. | 993490 545 . | -9225986.5. . | -9231974.8._ | 147389382
19 1900 1600.0001 |9.99099900 19000 19000.001 |0.00100000... | 0.00571588.. | 0.00571588.. | 4. 00609575. . | 0.00050530_.. | 0.00050530... | 3.17401420._. | 974286.899 . | -8136434.9 _ | -81432257 _ |146861212.
20 2000 2000.0001 |9.99999999... 20000 20000.001 | 0.00100000... | 0.00612024... | 0.00612024... | 4.08100673... | 0.00053721... | 0.00053721... | 3.20898852... | 955685.628... | -9026721.0... |-9034223.6... | 146002504,
21 2100 2100.0001 | 0.00010000... 21000 21000.001 | 0.00100000... | 0.00653340... | 0.00653340... | 4. 16862360... | 0.00056954... | 0.00056954. .. | 3.25051255... | 937109.895... | -8931060.2... | -8935243.4... | 145340003
22 2200 2200.0001 | 0.00010000... 22000 22000.001 |0.00100000... | 0.00695478.._ | 0.00695478. . | 4 25546552 | 0.00060226... | 0.00060226... | 3.29157303._. | 920210.185... | -8848376.1._ | -8855532.6.. | 144815216
23 2300 2300.0001 | 0.00010000... 23000 23000.001 | 0.00100000_.. |0.00738424. | 0.00738424. | 434172385 | 0.00063536._. | 0.00063536._. | 3.33174789__. | 902552 367 | -8740737.0 _ | -8756910.7 144076224
24 2400 2400.0001 | 0.00010000... 24000 24000.001 | 0.00100000... | 0.00782198... | 0.00782199... | 4.41295069... | 0.00066884... | 0.00066884... | 3.36471024._. | 888988.611... | -8676841.6... | -8684062.0... | 143563311..
25 2500 2500.0001 | 0.00010000... 25000 25000.001 | 0.00100000... | 0.00826792... | 0.00826792... | 4 49769031... | 0.00070271... | 0.00070271... | 3.40446107_.. | 875640.057._.. | -8621214.5... | -8627770.0... [143310013.
26 2600 2600.0001 | 0.00010000... 26000 26000.001 |0.00100000... |0.00872159... | 0.00872159... | 4.58257227... | 0.00073693... | 0.00073693... | 3.44310585... | 858954.233... | -8517643.4... | -8524623.1... | 142452352
27 2700 2700.0001 | 0.00010000... 27000 27000.001 | 0.00100000_.. | 0.00918332 | 0.00918332 | 465171411 |0.00077152 . | 0.00077152 . | 347473664 . | 847157394 | -8453080.3._ | -8450812.3._ | 141986343
2IB 2800 2800.0001 |0.00010000... 28000 28000.001 |0.00100000... | 0.00965299... | 0.00965299... | 4.73520264... | 0.00080647._.. | 0.00080647._.. | 3.51296175... | 833813.968... | -8383535.6... | -8389828.9... 14151|325_'_|
4 »
www.igth.uni-hannover.de

42 I Gt H Calculation Examples IGtHPile V 3.0

Institut filr Geotechnik




Laterally Loaded Piles — Stiffness Matrix (Field)

Generate stiffness matrices for
several load eccentricities
simultaneously

13 D:\01 - Forschung\01 - IGtHPile\03 - Version V 3.0\05 - Calculation Examples\02 - IGtHPile\Example Monopile IGtH - |EI 5[
File Edit Option Result About German  English
[Cle[e]ce]] [»]x] [S]=]<]=])
Project |Latera\ Soil Parameters |
Axially Loaded Piles: Laterally Loaded Files: Settings:
Project Name: |Windfarm Xy . | .
I Axial Capacity II' Load-Controlled Calculation ™ Scour
Project Number: |123456
= Cyclic Capacity Degradation ' Displacement-Controlled Caculation " Deflection = 1 [m]
Location: |N0ﬁh Sea . basy=ed - P
| = i
Date: |[}5f[}1f2l]1 5.123433 ™ ULS Design Proof (DIN 1054) T p-y - Curves lterations = 200 [
Editor- |Hans Mustermann ™ Load-Controlled Calculation II' ULS Design Proof (DIN 1054) Elements: 100 H
Comments: Monopile for Wind Turbine xy " tz-Curves II' Minimum Pile Length Tolerance: 0.0001 [
" Q-z - Curves \l", Load-Displacement Curve
iffness Matrix (Single)
v stifffess Matrix (Field)
Bl
=
' Pile Section " Pile Material
No. Material Zroy Zaotsm D t w Anniar Acece | No E V= v Gs
) No. [m] [m] [m] [m] [kN] [m?] [m] [m’] i [kh/m#] [kN/m*] [ [kN/m?]
1 0 10 5 012 1251.0073274__ | 1.8397166579... | 19.634954084 . | 54797800373 210000000 68 027 82677165.354 ..
2 2 10 20 5 01 2093.5573443__ | 1.5303804002.. | 19.634954084 .. | 46219896517 .| 2 220000000 68 0.27 86614173.228_
3 ‘ 2 20 30 ] 0.08 2522.5229716... | 1.2365308684... | 19.634954084... | 3.7424843264...
4| | w4 |
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Laterally Loaded Piles — Stiffness Matrix (Field)

Define field of stiffness matrices

IH D:\01 - Forschung\01 - IGtHPile\03 - Version V 3.0105 - Calculation Examples\02 - IGtHPile\Example Monopile IGtH - EI|5|
File Edit Option Result About German  English
[Cf@[ufcle] [p]x] [L]-]=]-]1] [[E]
| Project Lateral Soil Parameters |
- — Zres Zasom v (3 ‘ [ ‘ Esrar hes© Aw Go e A v Pres
[m] [m] [kh/m?] [ [kN/m?] [khi [ [kN/m?] H | [kM/m?]
SAND (THIEKEN ET AL. 2015) = 0 15 9.76 35 40000 06 89430.53 0.5 0.25 100
2 | SAND (THIEKEN ET AL. 2015) - 15 31 10.31 40 70000 0.5 106298.81 0.5 0.2 100
\ 4
4| BT
Additional Information: ) ness Matrix (Field):

Beam Model: |Timoshenko-Bear ~ Soil Layers: IStandard - Hsua: 0 [kN] Hera: 1000 [kN]  Wumber: 10 [
Loading: [Static - .\Msm’ 0 [kNm] Mz 10000 [kNm] Number: 10

- " e — -
Load-Displacement Curve / Stiffness Matrix (Single): Laleralmre'rr =
Initial Load: 0 [kN] Load Eccentricity: 10 [m] No.: Layer Number
Method: Calculation Method
Increment: 100 [ki] Zrs. Upper Layer Boundary

Zaowm. LOWeT Layer Boundary
y"- Soil Unit Weight =l

Scour (API RP 2A):
@' Internal Friction Angle
Global Scour: 0 [m] Limit Depth: 0 [m]from ¢ Level (Global Scour) K Initial Stiffness Coefficient
E-~: Reference Value of Soil Stifiness Modulus
- # Level (Local Scour
Local Scour: 0 [m] ( ) A ; aw: Exponent of Stiffness Modulus ; Exponent of Wiemann Method

www.igth.uni-hannover.de
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Laterally Loaded Piles — Stiffness Matrix (Field)

Matrix entry Results Moment

181K D:\01 - Forschung\01 - IGtHPile\03 - Version V 3.0) 05 - Calculation Examples\02 - IGtHPile\Example Mo1 opile.IGtH

File Edit Option Result About

JEINEEIE AR

Ko | Ko | Ko | —
kS L LNNNLL T IN  RASSC RN
(0] 2643542.12... |2225320.19... | 2074601 20 T p TEOT e TSI T TTERnTOT On 161564120, |1580200.40...
@) 223992913 198757781 |1892126.96. | 181845271 . |1756926.00. | 170577756 |1659832.14. |1619200.44_ 158409981 | 1550687 85 | 152109335
- 300 202641526 | 1837672.31__ | 176994642 |1716196.67. | 1666653.00. | 162407741 | 1586484 55 | 1563674.52. |1524399.28_ | 1495004 20__| 1467937 60..
T 400 188413468 | 172661801 _ | 167636980 | 1634734 67 159251913 | 1556426 88 | 1525757 71 | 149734005 |1471323 49 | 144767364 |142414190
It 500 1776299.46_ | 164261592 | 1606933 76. |1563799.82_ |1531803.30_ |1601212.96_ |1474182.33 | 1448678.41_ | 1425288.49._ | 1403908 85 |138286058_
c—>| e 168907157 |1571599.82._ 153737813 |1505339.99. |1478120.92. | 145257141 |142729430_ | 140588581 |1383808.74. 136520122 |134501830.
@) 700 161827343 | 151123711 |1481772.32._|1455646.20._ | 142089503 | 140778131 |1387747.54_ | 1365676.43.. |1348197.01__ | 132852045 [1313313 53
N 800 1557108 85_ | 145781305 |1432858 79| 1409298 85 _ | 1388640 89 | 136701059 |134B373 74132963281 |1312681 92 | 129768538 | 1280296 79 _
- 900 1603822.39_ |1410917.99_ |1388744.00_|1368705.06. | 134820247 | 133074650 |131284034__ | 1207502 35 178N20NA3 | 19RRAIR MR |1759712 74
o 1457273.25_ | 137087364, |1349497 85| 133205564 | 131191882 129563248 | 128074024 |12t
I

3.0e+6

2.5e+6

2.0e+6

1.5e+6

K22 [kN/m]

1.0e+6

5.0e+5

0.0

H Leibniz
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Choose calculation type

131l D:\01 - Forschung\01 - IGtHPile\03 - Version V 3.0\05 - Calculation Examples\02 - IGHPile\Example Monopile.JGEH

Laterally Loaded Piles — Scour

Note: The scour function is available
for all calculation types

Scour

_lolx]
File Edit Option Result About German  English
[Cl@la]ede] [p]x] [Lf=]s]=]]
Project |Latera| Soil Parameters' Luading'
Axially Loaded Piles: Loaded Piles:
Project Name: IWmdfarm Xy
™ Axial Capacity ontrolled Calculation
Project Number: |123456
" Cyclic Capacity Degradation Displacement-Controlled Caculation Deflection = 1 [m]
Location: INor‘th Sea
i < []
Date: [05/01/2015 - 12:34:33 ™ ULS Design Proof (DIN 1054) I py-Curves lterations < 200 O
Editor: IHﬁ”'S Mustermann " Load-Controlled Calculation " ULS Design Proof (DIN 1054) Elements: 100 H
Comments: Monopile for Wind Turbine xy ™ t-z - Curves ™ Minimum Pile Length Tolerance: 0.0001 [
" Qz-Curves " Load-Displacement Curve
" Stiffness Matrix (Single)
" Stiffness Matrix (Field)
B
El
& Pile Section  Pile Material
No Material Zrep Z8otom D t w Atnouiar Acice 1 No E V= v Gs
: [m] [m] [m] [m] [kN] [m?] [m?] [m'] i [kh/m?] [kh/m?] M [kN/m?]
1 0 10 5 0.12 1251.0073274... | 1.8397166579... | 19.634954084... | 5.4797800373... 210000000 68 0.27 82677165.354 .
2 2 10 20 5 0.1 2093.5573443... | 1.5393804002... | 19.634954084... | 4.6219896517._.| 2 220000000 68 0.27 86614173.228...
3 | 2 20 30 5 0.08 2522 .5229716... | 1.2365308684 .. | 19.634954084.. | 3.7424843264 .
< | »f4] | »
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Laterally Loaded Piles — Scour

Define scour and limit depth for
effect on effective stresses

181§ D:101 - Forschung\01 - IGtHPile\03 - Version V 3.0\( 5 - Calculation Examples\02 - IGtHPile\Example Monopile.IGtH | =) 5[
File Edit Option Result About German  English
|D|@|H|f—l|@‘ |D|X| |j|g|j|i|¢\| ‘ﬂ|ﬂ| \AIineisde\etedallheendofthetable!|
Project Lateral Soil Parameters | Load\ng'
No. Vethod Z, Zaztom ¥ @' ‘ Kapi ‘ Earei Aes: aw Gasat A v Prat ‘ Clitop ‘ Clzotem ‘ €sg ‘ J
i [m] [m] [KN/m?] [ [KN/m?] [kN/m=] [ [KN/m?] [l [l [KN/m] [KN/m=] [KN/m=] [-] [-]
SAND (THIEKEN ET AL. 2015) @ 0 15 976 35 40000 06 89430.53 05 0.25 100
2 | SAND (THIEKEN ET AL. 2015) - 15 31 10.31 40 70000 0.5 106298.81 0.5 0.2 100
Additional Information: Stiffness Matrix (Field):

Beam Model: ITlmnshenkn—Eealv Soil Layers: |Standard - Hsu 0 [kN] Heos: 1000 [kN]  Number: 10 [
Loading: |Static = M3 0 [kNm] Mz 10000 [kNm] MNumber: 10 [H

Load-Displacement Curve / Stiffness Matrix (bingle): Lateral Soil Parameters: =

Initial Load: I 0 [kN] oad Eccentricity: 10 [m] Mo.- Layer Number

Method: Calculation Method

Zro5: Upper Layer Boundary

S — Zaowm: LOWer Layer Boundary

'z Soil Unit Weight

@ Internal Friction Angle

k: Initial Stiffness Coefficient

E.. Reference Value of Soil Stiffness Modulus

hes ; aw: Exponent of Stiffness Modulus ; Exponent of Wiemann Method

Increment: 100 [kN] /2

W A):
Global Scour: | 5 [m] Limit Depth:l 7 [m] from © Level (Global Scour)
Local Scour: I 3 [m] & Level (Local Scour)

S

‘ e —— —

www.igth.uni-hannover.de
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Laterally Loaded Piles — Scour

Overburden pressure
considered in calculations

=10l x|
File Edit Option Result About German  English
[Cle=oe] [x] [Ll=[=[=]0)
Project' Lateral Soil Paramelers' Loading| Lateral Calculation
Overburden Pressure |
0 J Dverburden Pressure - 7 a. Oaeen ot Ot
L plobal Scour - [m] [kN/m?] [kN/m?] [kN/m?] [kN/m?]
G |Oba| SCOU r < . : — Reduced Profile 0 0 0 0 o
: : 2 03 2028 0 0 0
NBR 1 3 06 5856 0 0 0
Local scour «—— TR 0 0 0
5 12 11.712 0 0 0
5 15 14.64 0 0 0
7 18 17 568 0 0 0
. e - 1 8 21 20.496 0 0 0
Llnear tranSItlon €<—= 9 24 23.424 0 0 0
. . 2 10 27 26.352 0 0 0
(I|m|t depth) 3 11 3 29 28 0 0 0
E i 12 33 32208 0 0 0
2 13 3.6 35.136 0 0 0
2 14 3.9 38.064 0 0 0
‘é 15 42 40992 0 0 0
=] 16 45 4302 0 0 0
A 17 48 46.848 0 0 0
18 51 49.776 2028 0 0
19 5.4 52,704 5.856 0 0
20 57 55 632 8784 0 0
] 21 6 58.56 11.712 0 0
22 6.3 51.488 14.64 0 0
23 66 64.416 17.568 0 0
24 69 67 344 20 496 0 0
: : 25 72 70 272 23 424 0 0
-30 } J J TR } } 26 75 732 26.352 0 0
0 50 100 150 200 250 300 350 27 7.8 76.128 20.28 0 0
Overburden Pressure [kN/m?] 28 81 79.056 32.208 2928 4148
20 84 24 084 A5 4930 il 8 |
www.igth.uni-hannover.de
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Laterally Loaded Piles — Scour

Note: Decrease in overburden pressure also reduce
soil stiffness modulus E, and dynamic shear modulus G, if A # 0.0 !!!

=101

German  English

131 D:101 - Forschung\01 - 1GtHPile\03 - Version V 3.0105 - Calculation Example ;|02 - IGtHPile\Example Monopile.JGtH
File Edit Option Result About

[Cl2la]]w] [p]x] [o]=]s]=H] EIE]

'Pruject| Lateral Soil Parameters' Loading Lateral Calculati |Overburden Pressure

51l D:\01 - Forschung\01 - IGtHPile\03 - Version V 3.0\15 - Calculation Examples\02 - 1GtHPile\Example Monopile.JGtH

Deﬂectlonl Rmatmn| Shear Fnrce| Bending Moment| Supfgrade Pressurel Stretching Fadigr ; File Edit Option Result About
0 VA
; [Cl@le]c]e] [p]x] [S]=]-]=]\]
Project' Lateral Soil Parameters' Loading Laterg] Calculation |Overburden Pressurel
: Deﬂectlonl Rntatmn| Shear Force| Bending Mom t| Subgrade Pressure| Stretching Facmrl Stiffness Modulu:
5 4 - _
@ B
E N
T :
% r : : —
;_15_.....-.......-...... 4 E.
] : @
: | £
£ i E
5 | =
8 -20 - : i :
: ]
: o
: £
: =%
-25 4 s . &
30 e N
0 10 20 30 40 50 60 70 80 90 100
Stiffness Modulus[kN/m? (10/3)
-30 ; T Pove o2
26 75
0 20 40 80 80 100 120 140 160 |,
Dynamic Shear Modulus [KN/m?] (10*3) 28 8.1

1 Leibniz
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Laterally Loaded Piles — Scour

131 D:\01 - Forschung\01 - IGtHPile\03 - Version V 3.0\05 - Calculation Examples\02 - IGtHPile\Example MonopileIGtH

File
Cl[u]ole] [plx] [E[=]]=]1]
| oading Lateral Calculation |Overburden Pressure'
1 ding Mcment' Subgrade Pressure' Stretching Factcrl Stiffness Modulus | Dynamic Shear Modu\u5| Overwew|

Edit Option Result About

Project | Lateral Soil P

Deflection | Rotljjo

German

_oj x|
English

0 T T T T T z Q
: : : : No- [m] kM)
: : : 0 10000.0000_
G I b : I : 10000.0000....
5 L : : E
T O a SCO u r File Edit Option Result About
Local scour——> | [CllLlo]e] [p]x] [<]=[E][=]] E1E]
T 40 L R T S S R ) Project | Lateral Soil Parameters | Loading Lateral Cal n Pressure |
';' : : : : Deﬂectlcml Rutatlcml Shear Fcrcel Bending Mo ; subgrade Presst tretching Factorl Stiffness Modulusl Dynamic Shear Modulusl Ovewlewl
% [ : : : : 0 T T T T p_dec (LC 1) - z Pact
g i : : : : : : : : p_act (LC 1) - [m [kN/m] [k
s | : : : —— p_ult (LC 1)
g 15 : : : —— pres (LC1) 003 g
2 5 +<— Global scour | gy 8 BT
s I : : : : : 4 0.9 0
& 20 il | <« : : : 5 1.2 0
a7 Local scour | ; ST G
% 10 ' 1 1 : 8| 21 0
£ : 9 2.4 0
25 + T : 10| 27 0
r g : i 3 0
r z -15 1 : 1 12| 33 0
[ % : : 13| 36 0
30 e e e | B ; | 2] T
-25 -20 -15 -10 5 0 5 10 | & ; ; ol s 5
@ 20 - T L 4 -
Shear Force [kN] (1043) a : : 17 48 0
: : : 18 51 0
: : : 19| 54 0
: 20 57 0
-25 - : : : 1 21 5 0
: : : 22 6.3 0
23 6.6 0
: : : 24 6.9 0
: ; ; 25 72 0
-30 } f f f f =5 78 0
0 10 20 30 40 50 60 [, 78 0
Subgrade Pressure [kN/m] (10"3) 28 8.1 19.8654575... | 19.86
20 Q 4 142 E3N21G 142 &

IGtH
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Axially Loaded Piles

Part 2: Axially Loaded Piles
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Generate project

Axially Loaded Piles — Generate Project

o [m] ]
D Bearbeiten Option Ergebnis Impressum Deutsch  Englisch
Dle]ow] [»]x] [=]o]-]]
Jeﬂ‘l
Axial belasteter Pfahli: Lateral belasteter Pfahi: Einstellungen:
Projektname: I
™| Axiale Tragfahigkeit ™' Lastgesteuerte Berechnung I~ Kolk
Projektnummer: |
™ Zyklische Tragfahigkeitsreduktion ™ Verschiebungsgesteuerte Berechnuni = Verschiebung = [m]
Standort I : g 2= 4 d
Daturn: I = | Grenzlastnachweis (DIN 1054) I p-y - Kurven lterationen < [
e I " Lastgesteuerte Berechnung I Grenzlastnachweis (DIN 1054) Elemente -
Kommentar: Ttz - Kurven ™ Minimale Einbindelange Toleranz [
' Q= - Kurven ™| Last-Verschiebungslinie
™| Steffigkeitsmatrix (Single)
™| Steifigkeitsmatrix (Feld)
;l
|
& Pfahlseldion 1 Pfahimaterial

www.igth.uni-hannover.de
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Save project

Axially Loaded Piles — Save Project

13§ ¢\Program Fi'-s\IGtHPile\Projectlew. IGtH [ 73]
File dC Option Result About German  English
VA
DRela]cyie] [b]x] [L[=[S[=] ]
Froje
Axially Loaded Piles: Laterally Loaded Piles: Settings:
Project Name: | .
I Axial Capacity I Load-Controlled Calculation ™ Scour
Project Number: I
I Cyclic Capacity Degradation I Displacement-Controlled Gaculation I” Deflection = I 1 [m]
Location: I
i < ]
B 0810172015 174021 I~ ULS Design Proof (DIN 1054) I p-y- Curves lterations = | 200 H
Editor- I I Load-Controlled Calculation ™ ULS Design Proof (DIN 1054) Elements: I 100 H
Comments: IGtHPile ™ t-z- Curves ™ Minimum Pile Length Tolerance: I 0.0001 [
I Q-z-Curves " Load-Displacement Curve
" stiffness Matrix (Single)
x
e(}ﬂ .~ 01-IGtHPile » 03 - Version ¥ 3.0 = 05 - Calculation Examples + 02 - IGtHPile ~ |23 [ 02- 16t4Fie durchsuchen (2] =
Organisieren Neuer Ordner = - @
v Favoriten :I Name - Anderungsdatum |Ty1: IGrEBe I I
33 Dropbox |7 Example Monopile. 1GtH 05/01/2015 15:59 IGTH-Datei 700 KB
B Deskiop
. Bibliotheken
& Downloads
-4 Bibliotheken
=] Bider
5 Dokumente
 Pile Section & Musik
No. Material Zrap Zoatem D t w .
) No. [m] [m] [m] [m] [kN] 1% Computer
1 &, system (€
a Lager (D)
- USB (62)
S Austausch (T |
4 Dateiname: IExampIe Jacketpile} IGtH j
Dateityp: [Project (~.1GtH) =l
+ Ordner ausblenden Abbrechen

N

|Gt
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Add, insert or delete rows for pile
sections or pile material, respectively

File Edit Option

EEIEEE

Result

Axially Loaded Piles — Insert Pile Data

Describe project

Control parameter

=13l

German  English

Axially Loaded Piles: Laterally Loaded Piles: Settings:
Project Name: Y
¥ Axial Capacity I Load-Controlled Calculation ™ Scour
Project Numbegf” |1 23456 \
I”' Cyclic Capacity Degradation " Displacement-Controlled Caculation eflection = m
Location: |N0rth Sea Y peiclly Uzy J p . m
Date: 051012015 - 17:40:21 I™ ULS Design Proof (DIN 1054) I p-y - Curves Iterations <
Editor: |Hans Mustermann ™ Load-Controlled Calculation ™ ULS Design Proof (DIN 1054) Elements:
Comments: Jacketpfahl for Wind Turbine xy ™ tz- Curves ™ Minimum Pile Length Tolerance:
I Q-z-Curves ™ Load-Displacement Curve
[ Stiffness Matrix (Single)
I Stiffness Matrix (Field)
B
~ f\ =
A ¥
g PIJ;Secﬁon \  Pilg Material
ol Material I Zoctom D t W Aannuiar Aciae | o E Y= Gs
) Ho. [m] [m] [m] [m] [kN] [m?] [m?] [m‘] ) [kh/m?] [kNMT] g | [kN/m?]
1 0 10 315 0.031 206.5550674164 .. | 0.303757452082__ | 7.79311327631118 | 0.369411663715__ 210000000 68 ' 0.27 2677165.35433
2 1 10 20 315 0.024 320.5449922503.. | 0.235694847242 _ |T.79311327631118 | 0.287914572666.| 2 220000000 68 0.27 ﬁﬁﬁ141]’3,22534,,,
3 | 1 20 40 315 0.028 746.9812604648 | 0.274625463406__ [7.79311327631118 | 0.334619730203__|
| | »f4] [ >

www.igth.uni-hannover.de
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Axially loaded piles — Choose Between Calculation Types

Define soil parameters

File Edit Op

on Result About

O [ e

P (K| (H]<2[E]=]H

Proje€t | Axial Soil Parameters

Choose calculation type

>

=10l x|

German  English

————
ily Loaded Files: Laterally Loaded Files: Settings:
Project Name: |W\ndfarm Xy
¥ Bxial Capacity [~ Load-Controlled Calculation I~ Scour
Project Number: |123456
I ®yclic Capacity Degradation " Displacement-Controlled Caculation " Deflection = 1 [m]
Location: |NUI'Th Sea . pRcy=ed - P
- < |
Date: [05/01/2015 - 17-40-21 I QLS Design Proof (DIN 1054) I p-y - Gurves lterations = 200 M
Editor |Hans Mustermann ™ bad-Controlled Calculation ™ ULS Design Proof (DIN 1054) Elements: 100 [
Comments: Jacketpfahl for Wind Turbine xy I~ tz - Curves I Minimum Pile Length Tolerance: 0.0001 [
" ®-z - Curves " Load-Displacement Curve
I Stiffiness Matrix (Single)
™ Stiffness Matrix (Field)
[ =
|
' Pile Section © Pile Material
No Material Zrap Zaotem D t w L re—— Aoz | No E 'S v Gs
. No. [m] [m] [m] [m] [kN] [me] [me] [m] . [kh/m=] [kh/m*] [ [kN/m=]
1 0 10 315 0.031 206.5550674164 . |0.303757452082__. | 7.793113276311___ | 0.369411663715__| 210000000 68 027 82677165.35433 .
2 1 10 20 315 0.024 320.5440922503__ |0.235694847242 | 7.793113276311.. | 0.287914572666_] 2 220000000 68 0.27 86614173.22834
3 ‘ 1 20 42 315 0.028 784.3303234881... |0.274625463406... | 7.793113276311... |0.334619730203..
«| | »ful | v

www.igth.uni-hannover.de
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Axially Loaded Piles — Choose of Capacity Method

Capacity and displacement
settings

Eight capacity methods Capacity settings

available : :
Displacement settings

=]
English

File Edit Option About
Cle[a]cle] [P [S=E=]] [[2]

Project Axial Soil Pgpémeters |A)(|al Capacrryl Overburden Pressurel

Result, German

QCzotem / O Curs;

Clgawsm | YSRIOCR Ay Ten/Com In/Out
[kN/m?] [l 5| 5] [l

71 Zaetom

B fiim g NJuim Qe
[l [kNufm’] ,A] [ka‘fJTF] [kaTr;]

3

khm?]

56

1

1

1/

N\ -

v
No.|  _mieiiad [m] [m] [k
/

sl [
e

/ Sand (Qc) (API 2007) \
sand (B) (API 2007)

sand (B = VERY LOOSE) (API 2000)
sand (B = LOOSE) {API 2007)

sand (B = MEDIUM DENSE) (API 2007)
Sand (B = DENSE) {API 2007)

Sand (B = VERY DENSE) (API 2007)
Sand (JARDINE 2005)

sand (SIMPLIFIED ICP-05) (AP1 2007)
sand (OFF SHORE UWA-05) (API 2007)
sand (FUGRO-05) (API 2007)

Sand (NGI-05) (API 2007)
(CLAY (API 2007)
LAY (JARDINE 2005)

N

y

N

DiamCPT:

xial Capacity:

0.036 [m]

ICP -Base: |Undrained =

Roughness:' 0.02 mmy
Limit Skin Friction:
¥ TeniCom M InfOut

nd Bearing Capacity:
GL COWT 2012

Settings:
I Pile-Weight
" Soil-Weight

Spitzenwiderstand (GL

™' End Bearing Capacity-Top

I 0 [m]

I End Bearing Capacity-

0 [m]

Bottorn

Axial Soil Parameters:

No.: Layer Number

Method: Calculation Method
Zrs;. Upper Layer Boundary
Zacim: LOwer Layer Boundary

Scour (AP 2A):

Local Scour: 0 [m]

Global Scour: 0 [m] Limit Depth:l 0 [m]from ¢ Level (Global Scour)

& Level (Local Scour)

y"- Soil Unit Weight

@' Internal Friction Angle

i Friction Coefficient

i Limiting Value of Friction

Ng: End Bearing Capacity Coefficient

Ngu-: Limiting Value of End Bearing Capacity

www.igth.uni-hannover.de
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Axially Loaded Piles — Sand (API 2007) Method

Input via B-values
Input via CPT data Self-defined B-values according API 2007

131l D:\01 - Forschung\01 - IGtHPile\03 - Versiv.a V 3.0\05 - Calculation Examples\02 - IGtHPile\Example JacketpileIGtH

=10l

File Edit Option Result Apbut German  English

CREHE FEAECED  [EE

Project Axial Soil Parametg |A)(|al Capacrtyl Overburden Pressere

T | v j 3 [ = Ng NQir Qres QCacsom 5., Cires Clsosn | YSRIOCR Al, Ten/Com In/Out
No- Me“‘7/ T [kn/m] ] [__——TRm] o KNm | [km | une] ] [ | eune] 3 B H H
1 |74 T A 1 1

Sand (Qc) (AP1 200
Sand (B) (API 200
Sand (B = VERY LOOSE) (API 2000)
Sand (B = LOOSE) (API 2007)
Sand (B = MEDIUM DENSE) (API 2007) [p=
Sand (B = DENSE) (API 2007)
Sand (B = VERY DENSE) (API 2007) __}
Sand (JARDINE 2005)

Sand (SIMPLIFIED ICP-05) (AP1 2007)
Sand (OFF SHORE UWA-05) (API 2007)
Sand (FUGRO-05) (API 2007)

Sand (NGI-05) (API 2007)

CLAY (API 2007)

CLAY (JARDINE 2005)

Axial Capacity: Axial Displacement: Seftings: Spitzenwiderstand (GL COWT 2012)

DiamCPT | 0.036 [m] API| (Behaviour): [Plugged = ™ Pile-Weight " End Bearing Capacity-Top = End Bearing Capacity-Botto
ICP -Base: |Undrained = APl t. - 07 M I Soil-Weight I—EI - I—U —

Roughness:' 0.02 [mm] ¥ F.in Q-z- Curves

|»

el e Axial Soil Parameters:
Limit Skin Friction:

No.: Layer Number
¥ Ten/Com W In/Out

Method: Calculation Method
End Bearing Capacity: Zrsp. Upper Layer Boundary

GL COWT 2012 Zaawm: LOwer Layer Boundary
' Soil Unit Weight o
@' Internal Friction Angle

B&: Friction Coefficient

Global Scour: 0 [m] Limit Depth: I 0 [m]from ¢ Level (Global Scour) f Limiting Value of Friction
Local Scour I—O [ml & Level (Local Scour) Ng: End Bearing Capacity Coefficient
Ngu-: Limiting Value of End Bearing Capacity

Scour (API RP 2A):

-
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Axially Loaded Piles — References

Methods Reference

Sand (Qc) (API 2007) (R.2)

Sand (B) (APl 2007) (R.2)

Sand (B = VERY LOOSE) (APl 2000) (R.1)

Sand (B = LOOSE) (APl 2007) (R.2)

Sand (B = MEDIUM DENSE) (API 2007) (R.2)

Sand (B = DENSE) (API 2007) (R.2)

Sand (B = VERY DENSE) (AP12007) (R.2)

Sand (JARDINE 2005) (R.3)

Sand (SIMPLIFIED ICP-05) (API 2007) (R.2) References:

Sand (OFFSHORE UWA-05) (API 2007)(R.2) (R.1) API .20901 “Recommende_d Prgctice for Planning,
Sand (FUGROS) (AP12007)  (R2) e e O
Sand (NGI-05) (API 2007) (R.2) Recommended Practice 2A-WSD (RP 2A-WSD),
CLAY (API 2007) (R.2) 21st edition, American Petroleum Institute (API),
CLAY (JARDINE 2005) (R.3) Dallas, 2000.

(R.2) API2007: “Errata and Supplement 3 - API
Recommended Practice 2A-WSD, Recommended
Practice for Planning, Designing, Constructing
Fixed Offshore Platforms — Working Stress
Design”, American Petroleum Institute (API),
Dallas, 2007.

(R.3) Jardine, J.; Chow, F.; Overy, R.; Standing, J.
(2005): “ICP design methods for driven piles in
sand and clays”, London, Thomas Telford, 2005.

it || Leibniz
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Axially Loaded Piles — Insert Soil Data

Arbitrary combinations

Insert soil data
in white fields

By default

131 D:\01 - Forschung\01 - IGtHPile\/3 - Version V 3.0105 - Calculation Examples\02 - IGtHPile\Example sacketpile.IGtH

Reduction of capacity in
tension

=101

File Edit Option Refult About German  English
B EICIEICI e
"Project : Axial Soil PArame Axial Capacrty' Overburden Pressure'
Ires Zacsem y ¢ N NQjum ‘ Qerap ‘ Cliras ‘ Cllzesem ‘ YSRIOCR ‘ Ay Ten/Com In/out
[m] [m] [/ ] [KN/m?] [kN/m=] [KN/m=] [KN/m*] [-] [-] [l [
Sand (Qc) (API 2007) \ - 0 1 8 0.8
2 | Sand (B) (AP 2007) ® 1 2 10 0.8
3 | CLAY (API 2007) - 2 4 10 0.8
4 | Sand (B = DENSE) (API 2007) - 4 16 10 067 0.8
Sand (B = VERY DENSE) (API EM - 16 45 10 067 0.8
X
Axial Capacity: Axial Displacement: Settings: Spitzenwiderstand (GL COWT 2012):
DiamCPT: | 0.036 [m] AP (Behaviour): |Plugged 'I ™ Pile-Weight I End Bearing Capacity-Top = End Bearing Capacity-Bottom
ICP -Base: [Undrained =] APl toes - 07 H ™ Sail Weight 0 [m] 0 [m]
Roughness: | 0.02 [mm] = F..in Q-z - Curves . ; =
: Axial Soil Parameters: -
Limit Skin Friction:
No.: Layer Number
¥ Ten/Com ¥ In/Out Method: Calculation Method
End Bearing Capacity: Zro;: Upper Layer Boundary
I GLCOWT 2012 Zgeuwm LOWEr Layer Boundary
" Soil Unit Weight E
Scour (API RP 24A): @" Internal Friction Angle
& Friction Coefficient
Global Scour: 0 [m] Limit Depth: 0 [m]from ¢ Level (Global Scour) T Limiting Value of Friction
Local Scour- I—O i & Level (Local Scour) Ng: Enq Be.anng Capacity Coefﬁ(.:ient
Ngu- Limiting Value of End Bearing Capacity
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Axially Loaded Piles — Assigned Soil Parameters

131§ D:\01 - Forschung\01 - IGtHPile\03 - Version V 3.0105 - Calculation Examples\02 - IGtHPile\Example JacketpileIGtH =100 x|
File Edit Option Result About

CRulw] [¢]x] [L]=]L]-]]

German  English

Projec ial Soil Parameters | Axial Capacrty' Overburden Pressure|

- e Zres Zaosem ¥ ¢ g Mg Qeray Clgstem ‘ YSRIOCR ‘ Al ‘ Ten/Com In/Out

[m] [m] [kN/m?=] KN/m?] [kh/m=] [kh/m=| [ [ | !

sand (Qc) (API 2007) - 0 1 10 067 08

2 | Sand (B) (API 2007) v 1 2 10 067 08

3 | CLAY (AP 2007) - 2 4 10 0.67 0.8

4 | sand (B = DENSE) {API 2007) - 4 16 10 0.67 0.8

5 |Sand (B = VERY DENSE) (API 2007) ~ 16 45 10 067 08

Sand (Jardine 2005)
Sand (Simplified ICP-05)
Clay (Jardine 2005)

7
Axial Capacity: Axial Displacement: Settings: Spitzenwiderstand (GL COWT 2012):
DiamCPT: | 0.036 [m] AP (Behaviour): |Plugged 'I ™ Pile-Weight " End Bearing Capacity-Top I End Bearing Capacity-Bottom

ICP -Base: |Undrained

APlte.: | 07 [ I Sail-Weight 0 [m] 0 [m]

F:in Q-z - Curves

Roughness: 002 [mm
: [mm] Axial Soil Parameters: iml

Limit Skin Friction:

M Ten/Com ™ In/

End Bearing Capacity:

No.: Layer Number
- Method: Calculation Method
Clay (Jardine 2005) 21 Upper Layer Bouncary
©| GLCOWT 2012 Zaasem: LOWer Layer Boundary
\ ——————————————— | y" Soil Unit Weight be
@' Internal Friction Angle

i Friction Coefficient
Tum: Limiting Value of Friction

- Ng: End Bearing Capacity Coefficient
S an d (J ard I n e 2 005) . Ngu-: Limiting Value of End Bearing Capacity

Scour (API RP 2A):

P e e L o r—te—— 1 evel (Global Scour)

www.igth.uni-hannover.de
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Axially Loaded Piles — Axial Capacity

Start / Stop
calculation

13l D:\01 - Forschung\01 - IGtHPile\03 - “~rsion V 3.0105 - Calculation Examples\02 - IGtHPile\Example Jacketpile IGtH

o [=[ 5]

File Edit Optw About German  English
HEEEC gOE) EEEEER
'PmJec H i Axial Capacrty' Overburden Pressure'

- —— e Zocsom ' NG ‘ QCres Clires ‘ Cllzatom ‘YSR}OCR ‘ Aly ‘ Ten/Com In/Out

i [m] [m] [kN/m?] [KN/m?] [kN/m=] [KN/m=] [KN/m*] [-] [l [

Sand (Qc) (API 2007) - 0 1 10 067 0.8

2 | Sand (B) (AP 2007) ® 1 2 10 067 0.8

3 | CLAY (API 2007) - 2 4 10 0.67 0.8

4 | Sand (@ = DENSE) (API 2007) - 4 16 10 067 0.8

5 | Sand (B = VERY DENSE) {API 2007) ~ 16 45 10 067 0.8

ECETHE x| finished
| See information box!

Axial Capacity: Axial Displacement: Settings: g jiiderstand (GL COWT 2012):

DiamCPT: | 0036 [m] AP (Behaviour): |Plugged vl " Pile-Weight f-nd Bearing Capacity-Top ™' End Bearing Capacity-Bottom

ICP -Base: [Undrained =] APl toes - 07 H ™ Sail Weight 0 [m] 0 [m]

Ruughness:m [mm]
Limit Skin Friction:

W Ten/Com ™ In/Out
End Bearing Capacity:

| GLCOWT 2012

I/ F.yin Qz - Curves

0il Parameters:

No.: Layer Number

Method: Calculation Method
Zrs:: Upper Layer Boundary
Zgeuwm LOWEr Layer Boundary

Scour (API RP 2A):

Local Scour: 0 [m]

Global Scour: 0 [m] Limit Depth: 0 [m]from ¢ Level (Global Scour)

@ Level (Local Scour)

" Soil Unit Weight

" Internal Friction Angle

& Friction Coefficient

fum Limiting Value of Friction

Ng: End Bearing Capacity Coefficient

Ngu-' Limiting Value of End Bearing Capacity

www.igth.uni-hannover.de
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Axially Loaded Piles — Axial Capacity

Calculation of axial capacity:

* In case of compression load T_T ----------- T__T_ ?— ------------- _T
a) unplugged Rek=Fe+Fie+Qp 1t |t 1 t
it At 't t
b) plugged Rex=Fc+ Qp tt et t
tt tt 1ttt TqT 1ttt
* In case of tension load C) ﬂ}v D) ﬁv
c) unplugged Rix=F+F T 1 P i
It At ' Coug [}
d) plugged Rik=Fi + Gpiyg " | lf"‘ b | lf“ " | 4]7 lf"
W e }
with: F, =I f.dz Outer Skin Friction in Compression  F; =I f, dz Outer Skin Friction in Tension
F . :I f..dz Inner Skin Friction in Compression F. =I f., dz Inner Skin Friction in Tension
Q, =4, .%[D2 —(D—2t)2] Tip Resistance (unplugged) G g Weight of Soil Plug
Q =0 % D’ Tip Resistance (plugged)

Note: The inner skin friction f, . and f;; is zero for the CPT methods.

) ] J: { Lei.bniz. )
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Axially Loaded Piles — Axial Capacity

Total axial capacity Calculation output
with depth

File Edit Option Resul About German
EEEEI 2] =4 12 o]
" Proi * Axial Capacityl urden Pressure|
P Axdal Capacity wiih Depifi | Skin F¥ten with Depth | End Bearing Gapacity with Depth | Skin Friction (Last Depth) | End Bearing (Last Depth) |
S /, — : — T Rk (Plugged) kNI § S REK Rtk Plugged or Rek Rk Plugged or
: 0. Plugged Unplugged Unplugged Plugged Unplugged Unplugged
] : : : : Rtk (Unplugged) [kN] tr [KN] [kn] 3 K] k] 3
: : : © |—— Rek (Plugged) [kN] 83 31.08 | 153504860 | 274362812 | Plugged | 116441065 | 442451790 | Unplugged
—— Rcek (Unplugged) [kN] 84 315 156707310 | 28008 1676 | Plugged | 116910.942 | 45098 7408 | Unplugged
: 85 3192 | 15999.9760.. |28580.0540... | Plugged | 117397.920.. | 45952.3026... | Unplugged
86 3234 | 16320.2210. | 201510404 | Plugged | 117875.808.. | 46805.8644... | Unplugged
-10 ] 87 3276 | 166404660 | 207238268 | Plugged | 118353875 | 476504262 | Unplugged
88 3318 | 169607110 | 302057132 | Plugged | 118831853 | 48512.0880 | Unplugged
T 89 336 17280.9560... | 30867.5096... | Plugged | 119309.831... | 49366.5493..  Unplugged
. a0 3402 | 17601.2010..|31439.4860... | Plugged | 119787.808.. | 50220.1116... | Unplugged
£ o1 3444 | 179214460 | 320113725 | Plugged | 120265786 | 510736734 | Unplugged
§ a2 3486 | 182416010 | 325832580 | Plugged | 120743763 | 51927.2352 | Unplugged
= 20 ] 93 3526 | 18561.0360.. | 33155.1453... | Plugged | 121221.741... | §2780.7970... | Unplugged
= o4 35.7 18882.1810... | 33727.0317... | Plugged | 121699.719... | 53634.3585...  Unplugged
L 5 3612 | 19202.4260. |34208.0181... | Plugged | 122177.696... | 54487.9206... | Unplugged
2 9% 3654 | 195226710 | 348708045 | Plugged | 122655674 | 553414824 | Unplugged
£ o7 3696 | 19842.0160.. |35442.6909.. | Plugged | 123132.651... | 56195.0442... | Unplugged
2 98 37.38 | 20163.1610.. | 36014.5773... | Plugged | 123611.620.. | 57048.6060... | Unplugged
Q 4 99 378 20483.4060... | 36586.4637.. | Plugged | 124089.607... | 57902.1678... Unplugged
- ] 100 3822 | 208036510 | 371583501 | Plugged | 124567.564 | 567557296 | Unplugged
101 3864 | 211238960 | 377302365 | Plugged | 125045562 | 506002014 | Unplugged
102 3006 | 21444.1410.. 383021229, | Plugged | 126523.540... | 60462.8533... | Unplugged
103 3045 | 21764.3860. | 38874.0003... | Plugged | 126001.517... | 61316.4151... | Unplugged
104 390 220846310 | 304458058 | Plugged | 126470495 | 621690769 | Unplugged
105 4032 | 224048760 | 400177822 | Plugged | 126057472 | 630235367 | Unplugged
-40 : : 8 106 4074 | 227251210.. |40589.6686.. | Plugged | 127435.450.. | 63677.1005...  Unplugged
— — — I 107 416 | 23045.3660.. |41161.5650... | Plugged | 127913.426.. | 64730.6623.. Unplugged
80 100 120 140 160 | 18 4158 | 233656111, |41733.4414_ | Plugged | 128391.405.. | 655842241 Unplugged
100 42 236858561 | 423053278 | Plugged | 128869.383 | 66437 7850 | Unplugged
Axial Capacity [kN] (1073)

o [=[ S|
English
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Axially Loaded Piles — Axial Capacity

Skin friction force with depth

64

131 D:\01 - Forschung\01 - IGtHPile\03 - Version V 3.0105 - Calculation Examples\02 - IGtHPile\Example Jacketpile.JGtH

File Edit Option Result About

Llafaele] [v]x] S]]l

Project | Axial Soil Paramet

0 j ! j ' — JFIKN] SFit[KN]
1 —— FF.c[kN] —— SFic[kN]
-10 il

E ]

("] 4

£

§ 4

= -20 il

z ]

o

@ 4

=]

= 4

-

8 ]
=30 -
40 i

Skin Friction [kN] (1043)

. z SFI SFit SFc FFic
[m] [kn] [kN] [kN] [kN]
83 3108 153504860 | 120767951 | 22024 6060 . | 180250674 ..
84 315 15679.7310_ | 12328 4365 | 23402 5636 | 18400.6516...
85 31.92 | 15999.9760.. | 12560.0779... | 23880.5612... 18776.2358...
86 3234 |16320.2210.. | 12831.7194... | 24358.5369... | 19151.8200...
&7 3276 | 16640.4660... | 13083.3608... | 24836.5165... | 10527.4041...
88 3318 [160607110. 133350022 | 25314.4041 | 10902 0883 .
89 336 17280.9560... | 13566.6436... | 25792.4717... | 20278.5725...
90 3402 | 17601.2010.. | 13838.2850... | 26270.4493... | 20654.1567...
o1 34.44  |17021.4460.. | 14080.0264... | 26748.4260..  21020.7400...
92 3486 182416010 | 143415678 | 272264045 | 214053251
93 3528 185610360 | 145032002 | 277043622 | 21780.9003
94 as.7 18862.1810... | 14844.8506... | 28182.3508... | 22156.4935...
95 3612 |19202.4260.. | 15006.4020.. | 28660.3374... 22532.0776...
9% 3654 195226710 153481334 | 201383150 _ | 22007 6618._.
o7 3606 198420160 | 15500 7748 | 20616.2026 | 23283 2460._.
98 37.36 | 20163.1610.. | 15861.4162... | 30094.2702... | 23658.8302...
99 378 20483.4060... | 16103.0676... | 30572.2478... | 24034.4144...
100 38622  |208036510_ | 163546000 | 31050.2255 | 24409 0986
101 3864  |21123.8060. | 166063404 | 315282031 _ | 247855628
102 39.06  |21444.1410.. | 16857.9816... | 32006.1807... | 25161.1670...
103 3948 | 21764.3860.. | 17109.6233... | 32484.1583... | 25536.7511.
104 300 |22084.6310.. | 17361.2647... | 32062.1350... | 25012.3353...
105 4032 | 22404.8760 . | 176120061 | 334401135 | 26267.9105
106 4074 | 227251210... | 17864.5475... | 33918.0911... | 26663.5037...
107 4116 | 23045.3660... | 18116.1889.. | 34306.0688... | 27039.0879...
108 4158 | 23365.6111.. | 18367.5303... | 34874.0464.. | 27414.6721..
109 42 236858561 | 18610.4717_ | 35352.0240 | 277902563

=101]

German  English
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Axially Loaded Piles — Axial Capacity

End bearing capacity with depth

# D:\01 - Forschung\01 - IGtHPile\03 - Version V 3.0\05 - Calculation Examples\02 - IGtHPile\F ample Jacketpile IGtH -0 5[
File Edit Option Result About German  English

Clelale]e] [o]x] [L[-]L]-]1]
Project' Axial Soil Parameters Axial Capacity | Ovel

o
Axial Capacity with Depth | Skin Friction with De& End Bearing Capacny with D@n«:lnn (Last Depth) | End Bearing (Last Depth) |

0 T T T T T T "T7]—— Qb (Plugged) [kN] MNo. z Plucg};ed Unpﬁgged

] : : : f f : |—— Qb (Unplugged) [kN] m [KN] TkN]
: : : : : : : 83 31.08 03517 3503 | 3205 50556
84 315 03517 3503 | 3205 50556
85 3102 | 93517.3503 . | 3295 50556...
86 3234 | 03517.3503 . | 320550556,
-10 ] 87 3276 | 93517.3503 | 3205 50556
88 3318 03517 3503 | 3205 50556
T 80 336 93517.3503 .. | 3295 50556...
o 90 3402 | 93517.3503 . | 3295 50556,
£ 91 3444 | 03517.3503 | 3205 50556
§ o2 3486 | 03517.3503 | 3205 50556
= .20 . 93 35.28 93517.3503 .. | 3295 50556...
= 94 357 93517.3503 .. | 3205 50556...
o 05 3612 | 03517.3503 . | 320550556,
3 T : : : : : : : : 96 36.54 93517 3593 | 3295 50556
£ T 3 3 j 3 3 j j 3 o7 36.96  |93517.3593... | 3205.50556...
= i : : : : : : : : 98 37.38 93517.3503... | 3295.50556...
Q 30 : : : : : : : : 09 378 93517.3503... | 3205.50556...
YT : : : : : : : : : N 100 3822 | 03517.3503_ | 3205 50556
T : : : : : : : : 101 3864 03517.3503... | 3205.50556...
4 : : : : : : : : 102 3006 | 93517.3503. | 3295 50556...
1 : : : : : : : : 103 39.48 93517.3503... | 3205.50556...
104 300 03517 3503 | 3205 50556
T : : : : : : : : 105 4032 03517 3503 | 3205 50556
-40 + : : : : : : : : . 106 4074 | 93517.3593... | 3295.50556..
e e e e e e e e e b ey 107 4116 |93517.3593... | 3295.50556...
0 10 20 30 40 50 60 70 80 90 100 110 |98 41.88 |93517.399%. | 3299.00396..
109 42 03517 3503 | 3205 50556

End Bearing Capacity [kN] (10*3)

www.igth.uni-hannover.de
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Axially Loaded Piles — Axial Capacity

Skin friction on pile shaft for last depth

131 D:\01 - Forschung\01 - IGtHPile\03 - Version V 3.0\05 - Calculation Examples\02 - IGtHPile\Example Jacketpile.IGtH

File Edit Option Result About
Llelele] [p]x] [Ll-]s]=] |
Projecll Axial Soil Parameters Axial Capacity | Overburden Pressure'

=10l =]

German  English

£

Axial Capacity with Depth | Skin Friction with Depth | End Bearing Capacity with DeptiC Skin Friction (Last Depth) Bearing (Last Depth) |
0 A —— fi[kN/m?] fi.t [KN/m?] - z fit fit fc fic Method
T - : —— fe[kN/m? —— fickN/m? [m] T T [ [N t

+ : : : : 83 31.08 77.08 61.64 115 92 Sand (B=V...
i 84 315 77.05 6164 115 92 Sand (B=V...
85 3192 7705 6164 115 92 Sand (B=V
1 86 3234 77.05 6164 115 o2 Sand (B=V
-10 + 87 3276 77.05 6164 15 92 Sand (B=V...
4 88 3318 77.05 6164 115 92 Sand (B=V...
e 1 80 336 77.05 6164 115 o2 Sand (B=V...
o 90 3402 7705 6164 115 92 Sand (B=V
£ T o1 34.44 77.08 61.64 115 92 Sand (B=V...
§ T 92 3486 77.05 6164 115 92 Sand (B=V...
= .20 + 03 3528 77.05 6164 115 o2 Sand (B=V...
= 1 94 357 7705 6164 115 92 Sand (B=V
o 95 3612 77.05 6164 115 o2 Sand (B=V
2 T 96 36.54 77.05 6164 15 92 Sand (B=V...
= + o7 36.06 77.05 6164 115 o2 Sand (B=V...
Y 1 98 a7 38 7705 6164 115 92 Sand (B=V
o 30 99 378 77.05 6164 115 o2 Sand (B=V
~ET 7 100 38.22 77.05 6164 15 92 sand (B= V...

T 92 Sand (B =
4 o2 Sand (B=V...
1 . . . . o2 Sand (B=V
| | | : Reduction of skin friction = sne-v.
T : : : : . . . . . 92 Sand (B= V..
A0 s f and ||m|t Skln frlctlon To2 sand(B-v.
—t——+—+— b 92 Sand (B=V.
0 20 40 60 80 100 120 "y —~— 92 Sand (B=V...
| oo | 4z [ 7ros | et~ 15 | @2 sand (B= V..

Skin Friction [kN/m*]

Wgth.uni—hannover.de

zl- z--
— [ m b
Sand [dc] (AP 200T) - 8 | 1 10
2 | Sand ) AR 2067) | 1 | =z 10
3 _EI.M‘I;!-HMI‘_I = 2 1 ] 10
4 | Sand [0 -VIRY DENSELAPIMST) = 4 | 1B 10
5 .mm-mﬂmuﬂmn - 16 45 | 10

I Gt H Calculation Examples IGtHPile V 3.0 _;' Univeritt
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Axially Loaded Piles — Axial Capacity

End bearing for last depth

13/ D=\01 - Forschung\01 - IGtHPile\03 - Version V 3.0\05 - Calculation Examples\02 - IGtHPile\Example Jacketpile IGtH ;Iglil
File Edit Opton Result About German  English
[Cle[=]e]e] [»]x] [S[-4]L[=]1]
Project' Axial Soil Parameters Axial Capacity |Overburden Pressure|
Auxial Capacity with Depth | Skin Friction with Depth | End Bearing Gapacity with Depth | Skin Friction (Last
0 = — T T T ]— obPlugged) kN/m No. z Pugged | Unplugged M

T : —— gb (Unplugged) [kN/m?] [m] [kN/m=] [kN/m=] H
+ : 4 83 31.08 12000 12000 Sand (p = VERY DENSE) (API 2
1 : J 84 M5 12000 12000 Sand (p = VERY DENSE) (API 2
: 85 31.02 12000 12000 Sand (B = VERY DENSE) (API 2...
T : ] 86 32.34 12000 12000  |Sand (B = VERY DENSE) (API 2...
S0 N p= 75 12000 12000 Sand (5 - VERY DENSE) (AFI 2.
1 : 4 88 3318 12000 12000 Sand (p = VERY DENSE) (API 2
'E' 1 : ] 89 336 12000 12000 sand (B = VERY DENSE) (API 2...
= 90 34.02 12000 12000 Sand (B = VERY DENSE) (API 2...
£ T ] o1 34.44 12000 12000 Sand (B = VERY DENSE) (APl 2.
g T : q 92 34 86 12000 12000 Sand (p = VERY DENSE) (API 2
B 20 b TN ] 93 35.28 12000 12000 sand (B = VERY DENSE) (API 2...
= 1 : | 94 35.7 12000 12000 Sand (B = VERY DENSE) (API 2...
L 95 36.12 12000 12000 Sand (§ = VERY DENSE) (API 2.
2 T : 7 965 36 54 12000 12000 Sand (p = VERY DENSE) (API 2
£ T : 4 97 36.96 12000 12000 sand (B = VERY DENSE) (API 2...
= 1 : J 98 37.38 12000 12000 Sand (B = VERY DENSE) (API 2...
(=] 30 | : | 99 37.8 12000 12000 Sand (§ = VERY DENSE) (API 2.
B 100 38 22 12000 12000 Sand (p = VERY DENSE) (API 2
T : 1 101 38 64 12000 12000 Sand (p = VERY DENSE) (API 2
+ : 4 102 39.06 12000 12000 sand (B = VERY DENSE) (API 2...
1 : ] 103 30.48 12000 12000 Sand (§ = VERY DENSE) (API 2.
104 399 12000 12000 Sand (p = VERY DENSE) (API 2
T : ] 105 4032 12000 12000 Sand (B = VERY DENSE) (API 2
-40 : * 106 4074 12000 12000 sand (B = VERY DENSE) (API 2...
} TR TE— R P — } 107 4116 12000 12000 Sand (B = VERY DENSE) (API 2...
0 2 4 6 8 10 12 14 | 108 41.58 12000 12000 Sand (§ = VERY DENSE) (API 2.
109 42 12000 12000 Sand (p = VERY DENSE) (API 2

End Bearing [kN/m?®] (1043)
www.igth.uni-hannover.de
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Axially Loaded Piles — Axial Capacity

Deactivate effect on
limit skin friction

131§ D:\01 - Forschung\01 - IGtHPile\03 - Version V 3.0\05 - Calkculation Examples\02 - IGtHPile\F cample Jacketpile.IGtH ] 3]
File Edit Option Result About German  English
[Cl@la]c]e] [p]x] [of=]s]=]]
"Project Axial Soil Parameters |Axia| Capaci‘ty' Overburden Pressurel
Zrep Zaztom ¥ Clgosem ‘ YSRIOCR ‘ Dby ‘ Ten/Com InfOut
to. Method il ml Amﬂ [kNime] H [ & 5
sand {Qc) (API 2007) - 0 1/ 10 0.67 08
2 | Sand {B) (API 2007) - 1 2 / 10 067 08
3 | CLAY (API2007) - 2 4/ 10 0.67 0.8
4 | Sand (B = DENSE) (API 2007) - 4 ﬂ 10 0.67 0.8
5 | Sand (B = VERY DENSE) {API 2007) - 16 /45 10 067 08
y A
Axial Capacity: Axial Displacement: Setiings: Spitzenwiderstand (GL COWT 2012)
DiamCPT. | 0.036 [A] AP| (Behaviour): [Plugged = ™ Pile-Weight I End Bearing Capacity-Top I End Bearing Capacity-Bottom
ICP -Base: |Undrajfed ~ APltes: | 07 [] ™ Soil-Weight [ om 0 [m]
Rough z " F.in Q-z - Curves =
Axial Soil Parameters: -
Limit Skin Friction:
- . No.: Layer Number
T ¥ [ In/Out Method: Calculation Method

™ GLCOWT 2012

Scour (API RP 2A):
Global Scour: 0 [m] Limit Depth: 0 [m]from ¢ Level (Global Scour)

Local Scour: 0 [m]

& Level (Local Scour)

Zr-5: Upper Layer Boundary

Zaawr: LOWer Layer Boundary

y': Soil Unit Weight

@" Internal Friction Angle

&: Friction Coefficient

fLwm: Limiting Value of Friction

Ng: End Bearing Capacity Coefficient

Ngum: Limiting Value of End Bearing Capacity

www.igth.uni-hannover.de
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Axially Loaded Piles — Axial Capacity

=[]
File Edit Option Result About German  English
[Cl@fa]c]a] [»[x] [[=]o[=2]1]
Projecl' Axial Soil Parameters Axial Capacity |Overburden Pressure|
Auxial Gapacity with Depth | Skin Friction with Depth | End Bearing Capacity with Depth 1}1| End Bearing (Last Depth) |
0 A pu— £ (R NS Ti.t (kN/m7] Mo z fit fit fic fic Method

i : : — fo[kNmM] —— fic[kN/m?] [m] Tkh/mE] [kh/me] [kM/m?] [kh/m?] H
+ : : : 4 83 31.08 115 93280728 115 15 sand (B=V
i i 84 M5 115 94 5504 115 115 Sand (p=V _
85 392 115 95.811072 115 115 Sand (B=V..
T : : i 86 32.34 115 97.071744 115 115 Sand (B=V...
A0 Lo g s Sand (B V..
s . . . g 115 115 Sand (p=V _
T | Reduction of skin friction — o Toma-v.
: / 15 15 Sand (B=V...
£ 7 : o1 345\ 115 103.375104 115 115 Sand (B= V..
§ : ] a2 3486 N\ 115 104 635776 115 115 Sand (B=V _
= 20 4 - 93 35.28 15 105.806448 115 115 Sand (B=V..
= o4 357 BN 10715712 115 115 Sand (B=V..
o 05 3612 115 108.417792 115 115 Sand (B= V..
2 96 36.54 115 0 678464 115 115 Sand (B=V _
£ a7 36.96 115 110949136 115 115 Sand (p=V _
& : : : i 98 a7.38 115 112100888 _ 115 115 Sand (B=V..
a 30 L. : : oSN 99 378 15 113.46048 N__ 115 15 Sand (B =V...
. . . .. : 100 3822 115 14721152 | N5 115 Sand (B=V _
] L|m|t Sk|n fr]ct]on : ] 101 38.64 115 115 1IN 115 Sand (B=V._
+ > : — 102 39.06 115 115 15 N_ 15 Sand (B=V..
i (n Ot affe Cted) : _ 103 3948 115 115 115 N5 Sand (B=V...
: 104 390 115 115 115 ™M Sand (B= V..
T : : : ] 105 4032 115 115 115 115 N\ Sand (B=V
_40 e [ g 106 4074 15 15 15 15 ‘@IWG(E=V...
— " TR — — } w T 107 1116 115 115 115 115 SamNE = V..
0 20 40 60 80 100 120 140 108 41.58 115 115 115 115 Sand (N
109 12 115 115 115 115 Sand (B =V

SkKin Friction [KN/m?]
www.igth.unPannover.de

zl- z--
i | m | = b
Sand [Gc] (AP 2007) -8 | 10
2 | sana(m(aP! 2007} 1 | 2 10
3 | cLar e zoon -z |« 10
4 _mm-ﬁmunﬂruﬁmrr o | 4 1 15 10
5 .mlﬂ-'ﬂﬂﬁlﬂﬂmﬂ - 16 45 | 10
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Axially Loaded Piles — Axial Capacity

Consideration of inner soil-weight

13l D:\01 - Forschung\01 - IGtHPile\03 - Version V 3.0\05 - Calculation Examples\02 - IGtHPile\Example Jacket jile.IGtH

_lolx]
File Edit Option Result About German  English
Cl@a]o]e] [p]x] [Lfe]s]=]]
"Project Axial Soil Parameters |Axia\ Capacn:y' Qverburden Pressure|
Zr Zactom % ¢ g Cllzotom ‘ YSRIOCR ‘ Aly ‘ Ten/Com InfQut
No. Method o9 4
° © ml Iml [kNim®] [1 [k/m?] H M 3] 3
Sand (Qc) (API 2007) - 0 1 10 0.67 0.8
2 | Sand {B) (AP1 2007) - 1 2 10 067 0.8
3 | CLAY (API 2007) - 2 4 10 067 0.8
4 | sand (B = DENSE) (API 2007) - 4 16 10 0.67 0.8
5 | Sand (B = VERY DENSE) {API 2007) = 16 45 10 0.67 0.8
7
Axial Capacity: Axial Displacement: Setﬁngw Spitzenwiderstand (GL COWT 2012)
DiamCPT | 0.036 [m] AP (Behaviour): |Plugged 'I I”| End Bearing Capacity-Top I End Bearing Capacity-Bottom
ICP -Base: [Undrained =] APt - 0.7 0 [m] 0 [m]
Roughness: 002 [mm] = Fin Q= - Curves =
: Axial Soil Parameters: Iml
Limit Skin Friction:
No.: Layer Number
™ Ten/Com ™ InfOut Method: Calculation Method
End Bearing Capacity: Z7s. Upper Layer Boundary
I© GL COWT 2012 Zaown. LOwer Layer Boundary
y": Soil Unit Weight o
Scour (API RP 2A): " Internal Friction Angle
B: Friction Coefficient
Global Scour: 0 [m] Limit Depth: 0 [m] from ¢ Level (Global Scour) fuw: Limiting Value of Friction
Local Scour I_O [m] & Level (Local Scour) Ng: End Bearing Capacity Coefficient
N Limiting Value of End Bearing Capacity =
www.igth.uni-hannover.de
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Axially Loaded Piles — Axial Capacity

Consideration of inner soil weight

Ol x
File Edit Option Result About German  English
LlRR[]e] [p]x] [S[]e]=] 0
Projecll Axial Soil Parameters A¥|a| Capacity | Overburden Prea‘surel .
Axial Capacity with Depth|5kin Friction with Depth | End Bearing Capacity with Depth | Skin Friction (Last Depth) | EnY Bearing (Last Depth) | ® In case Of con IpreSS|On |Oad
\ a
0 A A e S R RTK (Pligged) kNI .
. Rtk (Unplugged) [kN] a_) unplugged F +F + Qb
—— Rck (Plugged) [kN 83 ,C I,C
—— Rck (Unplugged) [k 84 b) plugged F + Q
: : \ 85 ,C b
: : 86
'10 = E?
88 -
T 0 * In case of tension load
E a0
£ o1
= \z c) unplugged F,+
= -20 J % )
3 o\ d) plugged F
_O 05 l
3 %6 \
£ 97 \ 36.96 26970.8747... | 43826.7720... Plugged 123133.651... | 59339.9250... | Unplugged
% 98 \3?.38 27480.4300... | 44762.7983... Plugged 123611.620... | 60287.3828... | Unplugged
a -30 B jele] \3?,8 279899853 | 45703 9711 Plugged 124089 607 ... | 61234 8406 | Unplugged
100 $,22 28490 5405 . | 46650 2006 Plugged 124567 584 . | 62182.2985._ | Unplugged
101 38¥4 29009.0958... | 47597.7484. . Plugged 125045.562... | 63129.7563... | Unplugged
102 304 20518.6511... | 48545.2063... Plugged 125523.540... | 64077.2142... | Unplugged
103 BQAA 30028 2063 | 49492 6641 Plugged 126001.517_. | 65024 6720 | Unplugged
104 399 \ 30537 7616 | 50440 1220 . Plugged 126479.485 . | 650721299 | Unplugged
105 40.32 \ 31047.3168.. | 51387.5798. .. Plugged 126957 .472... | 66919.5877... | Unplugged
-40 : : ; T 106 40.74 \ 1556.8721... | 52335.0377... Plugged 127435.450... | 67867.0456... | Unplugged
— } } — 107 4116 20664274 532824055 | Plugged | 127913428 | 688145034 | Unplugged
80 100 120 140 160 108 41.58 25750 N 542209534 Plugged 128391.405._. | 687619613 | Unplugged
) ) 109 42 ( 33085.5379... o177 4112 Plugged 128869.383.. | T0709.4191.. | Unplugged
Axial Capacity [kN] (103)

| www.igth.uni-hannover.de
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Axially Loaded Piles — ULS Design Proof acc. to DIN 1054

ULS design proof according to
DIN 1054:2010-05

131 D:\01 - Forschung\01 - IGtHPile\03 - Version V 3.0\05 - Calculation Examples\02 - IGtHPile\Example Jack tpileIGtH

=10l

File

Edit

Option

Result

About

CREEE [ CEEED

German

English

Project | Axial Soil Parameters | Load Cases (ULS-DIN 1054) |

ially Loaded Piles: Laterally Loaded Piles: Settings:
Project Name: IWmdfarm Xy
Axial Capacity ™ Load-Controlled Calculation ™ Scour
Project Number: |123456
yclic Capacity Degradation I Displacement-Controlled Caculation " Deflection = m
Location: INOfTh Sea X pacty e . 5 ! =
Date: IDSIUUZMS S17-4021 ( ¥ ULY Design Proof (DIN 1054) " py-Curves lterations < 200 8]
Editor: IHanS Mustermann Load-Controlled Calculation ™ ULS Design Proof (DIN 1054) Elements: 100 [
Comments: Jacketpfahl for Wind Turbine xy I tz-Curves ™ Minimum Pile Length Tolerance: 0.0001 [
" Qz-Curves I Load-Displacement Curve
™ Stiffness Matrix (Single)
™ Stiffness Matrix (Field)
[ |
El
* Pile Section " Pile Material
- ‘ Material Zras Zaokem D 1 w Asruiar Acise I - E Ya v Gs
i No. [m] [m] [m] [m] [kN] [m] [m] [m’] i [kN/m=] [kh/m?] [ [kN/m?]
1 0 10 3.15 0.031 206.5550674164... |0.303757452082... | 7.79311327631118 | 0.369411663715... 210000000 68 0.27 82677165.35433...
2 1 10 20 315 0.024 320.5449922503... | 0.235694847242_._ |7.79311327631118 | 0.287914572666..| 2 220000000 68 0.27 86614173.22834..
3 ‘ 1 20 40 3.15 0.028 7469812604648 . | 0.274625463406_. | 7_79311327631118 | 0.334619730203__|
4| | vf4] | r

www.igth.uni-hannover.de
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Axially Loaded Piles — ULS Design Proof acc. to DIN 1054

Characteristic, Characteristic,
permanent loading variable loading

File Edit Opti Result  About

Germa
= E %] [SL=[AT [a]e]
Project | Axial §fH Parameters | CoadfodSes (U5 DI 1054] |

Axial Vu, Lateral Load: M, 8,
+) (+)
Vax Vax Hax Max Hax Max -
k [kN])‘¥ H(N]_/) o- [kN] [khm] [kN] [kNm] H,:u
12000 3000 +)
2 -5000 -1500
—— ——
Partial Safety Factors (GEO-2)s Partial Safety Factors (GEQ-2): Default Values: BS-P
Compressi Soll Resistance (ys): 14 H
Ten
PRrmanent Effect (yz): Permanent Effect (yz): 135 [
Favourable Pel Unfavourable Variable Effect (yo): 15 [H
Unfavourable Vari P
Soil-Weight (Effect]® \
" S
Einwirkung
Ve Characteristic vertical Load, Permanent
Hax Characteristic horizontal Load, Permanent
Mz Characteristic Moment, Permanent .
Vs Characteriste vertial Load, Variable Partial safety factors -
Hax: Characteristic horizontal Load, Variable
Moy Characteristic Moment, Variable D I N Val u eS by d efau It

www.igth.uni-hann

] |GtH
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Axially Loaded Piles — ULS Design Proof acc. to DIN 1054

ULS design proof according to DIN 1054
* In case of compression load:

a) unplugged K I Al
(Vox * Gpie) Yot Vok Yo = (Fc + Fic + Qu) 1y

b) plugged
(Vox * Gpile) Yot Vok Yo S (Fc + Qu) 1 v

* |n case of tension load:

c) unplugged
Vex Yot Vok Yo — Gpiie Yoint S (Fe + Fio) / Vg4

d) plugged
Vok Yo+ Vok Yo = Gpie Yaint = (Ft + Gpiug) / Vs (with soil-weight as resistance)

Vek Yo+ Vo Yo = (Gpile + Gpug) Yoint S (F) /¥sy  (with soil-weight as effect)

{1 ] Leibniz
74 I Gt H Calculation Examples IGtHPile V 3.0 o
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Load case: Compression

Axially Loaded Piles — ULS Design Proof acc. to DIN 1054

=10l =
File Edit Option Result About German  English
Cl2lele]e] [p[x] [&[=]:]=]2
Project | Axial Soil Parameters | Load Cases (ULS-DIN 1044) {ULS Design Proof (DI 1054) | Oerburden Pressure
ULS Design Proof (DIN 1054) |
L O RLd (Plugged) [KN] oo 4 Pugied | Unpliige | Unbloaged | Flughed | Unpubgea | Unbigged | No.d I
] Rt.d (Unplugged) [kN] [KH] [ki] 0 ] k) H (Ec.q)
1 ¢,d (Plugged) [kN] 83 3108 | 132247340 | 208418660 | Plugged | 831728324 | 32011.0822_ | Unplugged 20700
] et — 84 5 13564 4375 | 21417.8485_ | Plugged | 835142449 | 33567.8378__ | Unplugged 20700
Ed [kN] with VG k = 12000 [kN], VQ k = 3000 [kN] 85 31.92 | 13904.1410.. |21097.2620.. | Plugged |83855.6575... | 34264.5034..  Unplugged 20700
T : : g 86 3234 | 14243.8445.. | 22580.1066.. | Plgged |84197.0701... | 340413400 Unplugged 20700
-10 1 331663622 | Plugged | 84538 4827 | 356181046 | Unplugged 20700
1 . 33756.0800 | Plugged | 848708053 | 36204 8602 | Unplugged 20700
E 1 ReC{UIred 24349.2265.. | Plugged | 85221.3079.. | 36971.6156... | Unplugged 20700
o 249457957 | Plugged | 85562.7204.. | 37648.3714... | Unplugged 20700
é il embedded Iengths 255457956 | Plugged | 859041330, 383251270 | Unplugged 20700
3 361402267 | Plugged | 862455456 | 30001 8626 | Unplugged 20700
= 204 26756.0885.. | Plugged | 86586.9582.. | 39678.6382... | Unplugged 20700
z : ) - s rwwrimi .. 27366.3620.. | Pligged | 86928.3708... | 40355.3938..  Unplugged 20700
L : : 95 3612 | 17301.1761..|27980.1062.. | Plgged |87260.7833.. | 41032.1495..  Unplugged 20700
2 f f 96 3654 | 176408706 | 26507 2616 | Plgged | 876111050 | 417080051 | Unplugged 20700
£ : : o7 36.96 | 17980.5831.. |29217.8480.. | Plugged | 87952.6085... | 42385.6607..  Unplugged 20700
o2 : : | 95 37.38 | 18320.2867... | 29841.8655 Unplugged 20700
Q 451 ; | 29 37.8 18650.9902... | 30469.3141 Unplugged 20700
: : 100 3622 | 180996037 | 311001937 H Unplugged 20700
1 : : 1 101 3664 | 103303072 | 317318323 Des'gn Values Unplugged 20700
+ : : 102 39.06 | 19679.1007... | 32363.4708 Unplugged 20700
1 : : | 103 3048 | 20018.8042... | 329951004 . o Unplugged 20700
: : 104 399 20356 5077 | 336267480 | Plugged | 90342 40Ds_| 471220409 | Unplugged 20700
T : : 1 105 4032 | 206962112 | 342583865 | Plugged | 906830082 [WZ997055 | Unplugged 20700
-40 + : : aE - 106 4074 | 21037.9147.. |34890.0251.. | Plugged | 91025.3217... | 4847§11... | Unplugged 20700
RPN AU WP SN S WS S AP AT N 107 4116 | 21377.6182.. |35521.6637.. | Plugged | 91366.7343... | 491532167... | Unplugged 20700
0 10 20 30 40 50 &0 70 80 90 100 110 108 41.58 21717.3217... | 36153.3022... Plugged 01702 1450 O ik 1 QOTOL
100 42 200570252 | 367840408 | Plu 92049 5505 | 505067279 | Unplugged 20700 9
Axial Capacity [kN] (1073) | |
T ———

www.igth.uni-hannover.de
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Load case: Tension

Change load case

Axially Loaded Piles — ULS Design Proof acc. to DIN 1054

=lol=
File Edit Option Result About German  English
[Clafd]ele] [»[x] [S[=]e2\
Project| Axial Sail Parameter5| Load Cases (ULS\DIN 1054) | ULS Design Proof (DIN 1054) |Overburden Pressure
ULS Design Proof (DIN 1054) |
ST T REd (Plugged) (KN] o |2 Puged | Unpligged | Unpugoed | Plugged | Unplugged | Uniogosd | No.2 NI
Rt.d (Unplugged) [kN] tm ] 0 0 [KN] [kH] E (Er0)
Re,d (Plugged) [kN] 83 3108 | 132247340 | 208418660 | Plugged | 83172.8324 | 320110822 _ | Unplugged 0000
Gl pierggretich — 84 M5 136644376, | 21417.8485.. | Plugged | 83514.2440 _ | 33587.8378... | Unplugged 9000
Ed [kN] with VG.k = -5000 [kN], VQ k = -1500 [kN]_> | &5 3192 | 13904.1410.. |21997.2620.. | Plugged | 83855.6575... | 34264.5034.. | Unplugged 9000
: " : : il 86 3234 | 142438445 | 226801066.. | Plugged | 84197.0701.. | 34941.3400. | Unplugged 9000
-10 I 87 3276 | 145835481 | 231663822 | Plugged | 845384827 | 356181046 | Unplugged 9000
o0 2240 [aunnnazae (927550800 | Plugged | 848708053 | 362048602 | Unplugged 9000
e J49.2268.. | Plugged | 85221.3079.. | 36071.6158.. | Unplugged 9000
o . 1457057 | Plugged | 85562.7204.. | 37648.3714. | Unplugged 9000
i= ReqU|red 1457956 | Plugged | 850041330 _ | 383251270 | Unplugged 9000
§ 402267 | Plugged | 862455456 _ | 300018826 | Unplugged 9000
= .20 embedded Iengths '66.0888.. | Plugged | 86586.9582. | 30678.6382.. | Unplugged 9000
= }66.3820.. | Plugged | 86028.3708.. | 40356.3938.. | Unplugged 9000
o )80.1062_ | Plugged | 87260.7833 _ | 410321495 | Unplugged 9000
3 965 3654 |1/B406/96 | 28507 2616 | Plugged | 87611.1050_ | 417089051 | Unplugged 9000
£ o7 3696 | 17980.6831.. |29217.8480.. | Plugged | 87952.6085.. | 42385.6607.. | Unplugged 9000
% 4 98 37.38 18320.2867... | 29841 BRARA Plunned AR204 0211 A430R? 41R3 nnlnnoed 9000
Q 5 | 99 3T s 18650.9002... | 30 ed 9000
100 3822 | 189906037 _ | 31 ) ed 9000
: 7 101 38.64 19330.3072... | 31 DeS|gn Values ed 9000
: — 102 3006 | 19679.1007... | 32 ed 9000
: i 103 3048 | 20018.8042.. | 32 ed 9000
: 104 39.9 20358 5077 | 336267480 |  Plu 90342 4966 __ 9499 | Unplugged 9000
: 7 105 4032 |20698 2112 | 34258 3865 _|_~flugged | 006630092 | 47799 7DS&_ | Unplugged 9000
-40 A : 5 106 4074 |21037.9147.. | 348000297 | Plugged | 91026.3217... 48476.4611... | eqplugged 9000
PR | R S U (S P, W USSR SN . W " 107 4116 2137?.615#-8@.663?... Plugged | 91366.7343... | 40153.2167... | Unplidweg 9000
0 10 20 30 40 50 60 70 80 90 100 110 | 1@ 415 TooT/ [ OTIWeZ | Plugged | 917081469 | 498200723 | Unplugged 900
100 [4 220570252 | 367849408 ) Plugged | 92040 5505 | 505067279 | Unplugged 9000
Axial Capacity [kN] (1073)
www.igth.uni-hannover.de
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Axially Loaded Piles — ULS Design Proof acc. to DIN 1054

154 IGtHPILE

=101 x|
File Edit Option Result About

German  English
CeRe]e] [»]x] [Leladull ala
'PmJect|AxiaI Soil Parametffs Load Cases (ULS-D\N1054)iU>
s

Design Proof (DIN 1054)| Overburden Pressure

Axial Load: Viiu, Lateral Load: M, 8,
V. v, * a T T 7 (+)
ND_ Gk Qe ND_ Gk Gk IOk I0x —_—
TKN] TkN] TKN] Tkhim] KN] Tkhim] H-u
ko Uy
12000 3000 +)
2 -5000 -1500

Partial Safety Factors (GEO-2): Default Values: BS-P

Partial Safety Factors (GEO-2): Default Values: BS-P
Compression Resistance (i) 14 [

Soll Resistance (yz): 14 [
Tension Resistance (yas) 15 [

Permanent Effect (yz): 1.35 [H
Favourable Permanent Effect (yai) 1H

Unfavourable Variable Effect

Permanent Effect (yz): 1.35 [
Unfavourable Variable Effect (yg): 15 [

Soil weight as effect

Soil-Weight (Effect).

Einwirkung

Vex Characterist\c vertical Load, Permanent | n case of te n SIOI’] |oad
Hax« Characteristic horizontal Load. Permanent

Mz Characteristic Moment, Permanent

Vgi Characteristic vertical Load, Variable C) u n p | u gged

Hgsx Characteristic horizontal Load, Variable

Mg Characteristic Moment, Variable

Ve Yot Vok Yo = Gpie Yoint S (Fe + Fi) / Vsi
d) plugged with

ver.de

Vok Yot Vor Yo = Guie Yo ine S (F, + Gplug) I Vst

(with soil-weight as resistance)
@Ye + Vok Yo — (Gpile t Gpiug) Yaint = Fi/ Vst (with soil-weight as effect)

d |GtH
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Considered load case: Tension

Axially Loaded Piles — ULS Design Proof acc. to DIN 1054

=loix|
File Edit Option Resu About German  English
Cle[afo]e] [p]x]
Project| Axial Soil Parameters | Load Cses (ULS-DIN 1054) {ULS Design Proof (DIN 1054) | Overburden Pressure
ULS Design Proof (DIN 1054) |
AN =
O T P \— Rt.d (Plugged) [kN] No. [rzn] Pllﬁggm UonIal};ged E‘n‘ﬂﬂggeﬂ P\E;éded Unpﬁaufg’ged ﬁ'n'f\ﬁggéﬁ 'L asf
1 : : Rt.d (Unplugged) [kN] K] [KN] i [kN] [kN] H (EL.d)
ﬁ RC.d{PIUGGed} [KNL___ 83 31.08 11666.1633... | 20841.8660.. | Plugged |83172.8324. [32011.0822._ | Unplugged IGSZMSQi.
.d (Unplugged) [kN] — 84 315 119848151 | 214178485 | Plugged | 835142449 | 33587 8378 | Unplugged [/5630 56628 |
""" Ed [kN] with VG,k = -5000 [kN], VQ.k = -1500 [kN] _D 85 31.92 12303 4668 | 21007.2620.. | Plugged |83855.6575.. | 342645034 | Unplugged [ 659898863 .
: . : " 1 E 4197.0701... | 34041.2400... | Unplugged ||| 6567.41008...
] i 4538 4827 | 356181046 | Unplugged | | 653583333
1 K . . 48708053 | 36204 8602 | Unpluggedf | 6504 25568
E | | DecreaSIng Ioadlng 5221.3079._ | 369716158 | Unplugged) | 647267803 _
° K 04 |37648.3714. | Unplugged | 644110039
£ 1 ' 5004.1330 ~188325.1270... | Unplugged | 6400.52274...
§ 1 [ o2 3486 [145340200 | 261492267 | Plugged |B62455456._ | 30001 Unplugged | 6377 94500
= 4 03 3528 | 148526807 | 26756.0888_ | Plugged | 865860582 __ | 306766382 6346 36744
= 1713325 | 27366.3820.. | Plugged | 86928.3708.. | 403553938 | Unplugg 6314.78070...
° 4809842 | 279801062 | Plugged |872607833. 410321495 | Unplugged | 628321214,
2 Requ”-ed 808 6360 | 28507 2616 | Plugged | 876111950 | 417089051 | Unplugged | 625163449
£ 1272877 | 202178480 | Plugged | 879526085 | 423856607 | Unplugged |6220 05684
& \— b dd d I th 4459395 | 208418655 | Plugged |88204.0211.. [43062.4163.. | Unplugged| |6188.47910.
o : empe e eng S 7645912 |30469.3141. | Plugged | 886354337 |43730.1719.. | Unplugged| | 6156.90155 .
: 083.2420 | 31100.1037.. | Plugged |88076.8463 | 444150275 | Unplugged) | 612532300
: ] 4018947 | 317318323 | Plugged | 893182588 | 450926831 | Unplugged | 6093 74625
: 102 39.06 177205464 . | 32363.4708.. | Plugged |89650.6714. | 457604387 | Unplugged \ 606216860
: 103 3948 18039.1982... | 32005.1094... |  Plugged | 90001.0840... | 46446.1943.. | Unplugged \6030.50005 J
: 104 300 18357.8400... | 33626.7480... | Plugged | 00342.4066... |47122.0400.. | Unplugged |§090.0133g].
: 105 4032 18676 5017 | 342583865 | Plugged | 906830002 | 477997055 | Unplugged | SN67 43565
: 106 4074 189951534 [ 348000251 | Plugged  |910253217.[ 484764611 | Unplugged | 50985800
P P B—— T 107 4116 10313.8051... | 355216637, | Plugged |91366.7343. [491532167.. | Unplugged | 5904.28036. .
60 70 100 110 |18 4158 61552022, | Plugged | 017081460, | 496200723 | Unplugged P o
109 42 19951 1086 | 367849408 1Y Plugged | 920495595 | 505067279 | Unplugged{ 5841 12506 )
Axial Capacity [kN] (10"3) e S E— |

™~

wwWi-hannover.de
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File Edit Option Result About
[Clela]e]e] [p]x] [Sl=]==]1]

Project Axial Soil Parameters |A)(|a| Capacrtyl Overburden Pressure'

131l D:\01 - Forschung)\01 - IGtHPile\03 - Version V 3.0\05 - Calculation Examples\02 - IGtHPile\Example JacketpileIGtH

Axially Loaded Piles — ULS Design Proof acc. to DIN 1054

Consideration of pile-weight

=10 x|

German  English

DiamCPT | 0.036 [m] API (Behaviour): |Plugged = v |Pile-Weight
ICP -Base: (Undrained = AP e 07 H ¥ Soil-Weight

Roughness::m [mm] " F.in Q-z- Curves
Limit Skin Friction:

™ Ten/Com T In/Out
End Bearing Capacity:

™| GL COWT 2012

Z Z : r Cu; YSR/IOCR Al Ten/Com InfOut

o Method im M c ] ‘ 0 ‘ 0 ‘ g 0

Sand (Qc) (API 2007) - 0 1 10 0.67 0.8

2 | sand (B) (AP1 2007} - 1 2 10 0.67 0.8

3 | CLAY (API 2007) - 2 4 10 067 0.8

4 | sand (B = DENSE) (API 2007) - 4 16 10 0.67 0.8

5 | Sand (B = VERY DENSE) (API 2007) - 16 45 10 0.67 0.8
Axial Capacity: Axial Displacement: Setting s¢ Spitzenwiderstand (GL COWT 2012):

"' End Bearing Capacity-Top I~ End Bearing Capacity-Battom

0 [m] 0 [m]

Scour (API RP 2A):

Global Scour: 0 [m] Limit Depth: 0 [m]from © Level (Global Scour)
Local Scour: 0 [m] * Level (Local Scour)

Axial Soil Parameters:

No.: Layer Number

Method: Calculation Method

Zr.;- Upper Layer Boundary

Zacim: Lower Layer Boundary

y"- Soil Unit Weight

@' Internal Friction Angle

3. Friction Coefficient

T Limiting Value of Friction

Ng: End Bearing Capacity Coefficient

Ngu-: Limiting Value of End Bearing Capacity

=

www.igth.uni-hannover.de
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Axially Loaded Piles — ULS Design Proof acc. to DIN 1054

Considered load case: Compression

=1
File Edit Option Result \About German  English

OEEelE] [Plx] ENEE]
Prujectl Axial Soil Parameters' Load Cashg (ULS-DIN 1054) ; ULS Design Proof (DIN 1054) | Overburden Pressure

ULS Design Proof (DIN 1054) | /\
AN =

O T TN —— Rid (Plugged) k] oo 2 Pgged | Unplugged | Unpiagged | Plugged | Unpuaged | npingaedf Nowt i)

Rt.d (Unplugged) [KN] (i [kN] k] 0 fki] fial] d (Ec.d)
Rc.d (Pl QLI 83 31.08 11666.1633... | 20841.8660... | Plugged  |83172.8324.. [ 22011.0822... | Unpluggefl |21472.3556...
¢.d (Unplugged) [kN] o 84 315 119848151 | 21417.8485. | Plugged  |83514.2449 | 33587.8376. | Unplugggl | 21483.0441
Ed [kN] with VG.k = 12000 [kN], VQ.k = 3000 [kN]4> 85 302 | 12303.4668.. | 21007.2620.. | FPlugged | 83855.6575... | 34264.5034... | Unpluggd | 214045325
- : . . 1 86 3234 | 126221185 | 225801066 | Plugged | 84197.0701 | 340413490 | Unplug 215051210
] 87 3276 | 120407703 | 231663822 | Plugged | 845384827 | 356181046 | Unplugfed | 215157005
1 88 3318 | 13250.4220. | 23756.0890.. | Plugged | 84879.8953... | 36294.8602.. | Unplugled | 21526.2979..
e | 80 336 13578.0738.. | 24340.2263. | Plugged  |85221.3070. | 360716156 | Unplughed | 21536.8864
o a0 3402 | 138067255 | 240457057 | Plugged | 855627204 | 376483714 | Unpludhed | 21547 4748
c 3457956 | Plugged | 850041330 | 363251270 | Unpludged | 215580633
§ . 149.2267..| Plugged | 86245.5456... | 39001.8826... | Unpludged | 21568.6518...
= ReqUIred 756.0688.. | Plugged |86586.9582.. | 39678.6382.. ed | 21579.2402...
z 366.3820.. | Plugged | 66028.3708... | 40355.3035... | Anpludged | 21580.5287...
o 1801062 | Plugged | 872607833 | 4103214957 Unpludged | 21600 4171
2 embedded Iengths 307.2616.. | Plugged | 87611.1950. | 417089651 | Unpludged | 21611.0056...
£ 117.8480.. | Plugged | 57952.6085... | 422€5.6607... | Unplughed |21621.5041...
o ‘ ‘ 3418655 | Plugged | 86204.0211_43062.4163. | Unplughed | 216321825
a 99 | 378  [167645012 |304693141 | Plugged |886354347 [437391719 | Unplug§ed | 21642 7710
1 [too T 3822 (170832420 311001937 | Plugaed |8892€B463_ | 444159275 | Unplug 216533504
1 318.2588... | 45092.6831... Unp\ugij 21663.9479...
] J9G50.6714... | 457604387 | Unpluggdd | 21674.5364

: IncreaSIng Ioadlng 10001 0840 | 46446 1943 | Unpluggey 21685,1248,,1

. B 10342 4966 | 471220499 | Unplugged | 21695 7133
: 1 10683.0092. . | 47799.7055... | Unplugged\| 217063017 J
: : ] - e e igge- 10253217 484764611 | Unplugged \21716.8907.
NP N 107 4116 193138051 | 355016637 | Plugged | 913667343 | 491532167 | Unplugged | N727 447

60 100 110 |18 4156 | 106324560 | 361533022 | Plugged | O - 7
109 42 19951.1086... | 36784.9408.. | Plugg 92049.5595... | 50506.7279... | Unplugged | 21748.6556...

Axial Capacity [kN] (10*3) e ——

/ www.igth.uni-hannover.de
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Axially Loaded Piles — ULS Design Proof acc. to DIN 1054

Considered load case: Tension

e g = 5
File Edit Option Result About German  English
D@ falcfa] [o[x] [L[=]C2]]
Project | Axial Soil Parameters | Load Cases (ULS-DIN 1054) | ULS Design Proof (DIN 1054) { Qverburden Pressure
ULS Design Proof (DIN 1054) | /\
0 v L T T T T T ——| Rtd (Plugged) [kN] No. Z P\Egtxﬁea ummggea S'n”;iﬁgg&f PIuRgcé((]ed Unpllqucéged E‘n'ﬁﬂggeﬂ ,Lr:lj;dzc[sr\l
. : : Rt.d (Unplugged) [KN] (] [kN] ] 0 [KN] [KN] E (ELd)
g q : —V,RC\C'(PWQQGC') [kN] 83 3108 | 116661633 | 208418660 | Plugged | 831728324 | 320110822 | Unpluggefl |B089 28787
] : : | — 84 s 11984.8151... |21417.8485.. | Plugged | 83514.2449.. 23587.8378.. Unpluggdll |6049.86602 .
""" Ed [KN] with VG k = -5000 [KN], VQ.k = -1500 [kN]_TD [ 42 31.02 123034668 [21007.2620.. | Plugged | 838556575.. 34264.5034.. | Unpluggfd | B010.44596...
il : ; : : g : ] 8 107.0701... | 34941.3400...  Unplugded | 5971.02501...
10 ) TN o 3384827 | 3561810465 Unpiuglled | 593160406
s B S i 8l . . 3708053 | 362048602 | Unplughed | 580218311 _
E 1 : I Decrea8|ng |0adll’]g 221.3079.. | 369716158, Unplughed | 5852.76216...
o E M_ 376483714 Unpludued |5813.34120..
£ ] ] o 3041330 1983251270 | Unplufged [577392025
? : : : : : 1 | o2 | 3486  [145340200 [261492267 | Plugged | 862455456 | 30001 Unplufjged | 5734 49930
= 20 L TN ] 93 | 3528 | 148526807. |267560885..| Plugged | 865869582 | 30675.6382.. | WPPlUflged | 5695.07835..
= : : : : 26 |27366.3820.. | Plugged | 86928.3708.. | 40355.3938_. | Unplufjged |5655.65740..
L 42279801062 | Plugged | 872607833 | 410321495 | Unpluflged | 561623644
2 ReC]UIred 60 | 285072616 | Plugged | 876111950 | 417080051 | Unplufged | 557681540
£ S 77.. 292178480, | Plugged | 879526085.. | 42385.6607.. | Unpludged |5537.30454.
a 95 298418655 | Plugged | 88294.0211.. | 43062.4163.. Unplughed |5497.97359..
a 30 4] embedded Iengths 12. 304603141 | Plugged | 88635.4337.. | 437301710.. | Unplughed |5458.55264..
: 20 |311001937__ | Plugged | 889766463 | 444150275 | Unplug 541913168
] : B 47 (317318323 | Plugged | 80318.2588.. 450026821..| Unplugded |5379.71073...
+ : 102 3006  |17720.5464.. 32363.4708.. | Plugged | BOB50.6714.. 45760.4387..| Unplugold |5340.28075...
1 : 103 3048 |18030.1082.. 32005.1004... | Plugged | 0D001.0840.. 46446.1043..| Unpluggell |5300.86883..,
: 104 39.9 183578490 336267480 | Plugged | 00342 4066 | 471220490 | Unplugged) | 526144788
T : 105 4032 [186765017 |342583865 | Plugged | 90GB30002 | 477997055 | Unplugged \|5222 02602/
-40 —+-- s : 106 4074 | 18995.1534...|34890.0251..| Plugged | 91025.3217... 48476.4611.. | Unplugged \5182.6059F ..
' A R P N ] 107 4116 |19313.8051... | 35521.6637... | Plugged | 91366.7343.. | 49153.2167... | Unplugged | Ng3.1p02...
0 10 60 70 100 110 | 10@ 4158 =FTO602 4560 | 36150 022, Plugged | 917081460 | 498209723 | Unplugged 7
100 42 [19951 1086 [367840408 | ) Plugged | 0920405505 | 505067279 | Unpluggedff | 5064 34311y
Axial Capacity [kN] (1073) S — | |
\ /wﬂr.igth.uni-hannover.de

N—

Design Values

I Gt H _ _ {11 || Leibniz
81 Calculation Examples IGtHPile V 3.0 g;g;f}- pniversitat

Institut filr Geotechnik



Axially Loaded Piles — Load-Controlled Calculation

Load-controlled calculation

=10 x|
File Edit Option Result About German  English
Cle[a]cfe] [lx] [E[=[E]=]1)
Project |Axia\ Soil Parameters' Loading|
Axially Loaded Files: Laterally Loaded Piles: Settings:
Project Name: IW\ndfarmxy |
Axial Capacity ™ Load-Controlled Calculation " Scour
Project Number: [123456
[ Cyclic Capacity Degradation I Displacement-Controlled Caculation " Deflection = 1 [m]
Location- INDI'TV’T Sea ’ s : -
< -]
Date: [05/01/2015 - 17:40-21 r LS Design Proof (DIN 1054) ™ p-y - Curves lterations < 00 U
Editor: |Hans Mustermann ‘\ ¥ Lgad-Controlled Calculation ™ ULS Design Proof (DIN 1054) Elements: 100 [
Comments: Jacketpfahl for Wind Turbine xy t-z - Curves ™ Minimum Pile Length Tolerance: 0.0001 [
" Qz - Curves ™ Load-Displacement Curve
[ Stiffness Matrix (Single)
I Stiffness Matrix (Field)
[ E
|
' Pile Section " Pile Material
No Material i Zgotom D t w Asneutar Acice 1 No E Ys v Gs
i No. [m] [m] [m] [m] [kN] [m?] [m?] [m‘] ) [kh/m?] [kN/m?] [ [kN/m?]
1 0 10 3.15 0.031 206.5550674164._.. | 0.303757452082... | 7.79311327631118 | 0.369411663715_.. 210000000 68 0.27 82677165.35433...
2 1 10 20 315 0.024 3205449922503 . |0.235694847242 _ |7.79311327631118 | 0.287914572666._.| 2 220000000 68 0.27 8661417322834
3 ‘ 1 20 42 315 0.028 784.3303234881__ |0.274625463406__ [7.79311327631118 | 0.334619730203___

|

| »

| »
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Axially Loaded Piles — Load-Controlled Calculation

Resistance forces assigned to t-z and Q-z curves

* In case of compression loads:

A B
) {ka ! @Vk

? T Gpile ?'"" ? Gpile T
ch Tfic ficT fc tZCUNeS\¢ @ ch
| T T | | T T Inner Skin Friction as ? T
T_ f” End Bearing T T

MT@T\QZCUNG/?HTTT?T

* In case of tension loads:

'er t-z curves pile
i | v
i e
o1 b Y

Note: The inner skin friction f, . and f;; is zero for the CPT methods.

. . J { Lelbmz
83 I Gt H Calculation Examples IGtHPile V 3.0
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Axially Loaded Piles — Load-Controlled Calculation

Residual resistance
Bearing behavior: Plugged for cohesive soils

131§ D:\01 - Forschung\01 - IGtHPile\03 - Version V 3.0\05 - Calculation Examples\02 - [GtHPile\Example Jacketpile.IGtH -0 ll
File Edit Option Result About

BENRCDEEEEEE

German  English

In. Zoatom 0] ‘ YSR/OCR ‘ Aly ‘ Ten/Com In/Out
No. Method 50 .
[m] [m] N/m?] 1 [ Il [l [l
sand (Qc) (AP 2007) - 0 1 | 10 0.67 0.8
2 | Sand (B} (API 2007) 2 1 2 I 10 0.67 0.8
3 | CLAY (API 2007) - 2 4 I 10 0.67 0.8
4 | Sand (p=DENSE) (API 2007) - 4 16 I 10 067 08
5 | Sand (B =VERY DENSE) (API 2007) - 16 45 I 10 0.67 08
¥ 7
Axial Capacity: Axial Displacement: Settings: Spitzenwiderstand (GL COWT 2012):
DiamCPT: | 0.036 [m] AP (Behaviour): |Flugged % I Pile-Weight = End Bearing Capacity-Top I End Bearing Capacity-Bottom
ICP -Base: |Undrained = APl tres © 07 [ M Soil-Weight I 0 [m] 0 [m]
Roughness:  0.02 [mm) " F.in @Q-z- Curves =
! Axial Soil Parameters: -
Limit Skin Friction:
Mo.: Layer Number
I Ten/Com I In/Out Method: Calculation Method
End Bearing Capacity: Zrs;” Upper Layer Boundary
™ GL COWT 2012 Zaoem' LOWET Layer Boundary
" Soll Unit Weight =
Scour (API RP 2A): @" Internal Friction Angle
R: Friction Coefficient
Global Scour: I 0 [m] Limit Depth: I 0 [m]from ¢ Level (Global Scour) fum Limiting Value of Friction
Local Scour: I—O il & Level (Local Scour) Ng: End B.(-,Taring Capacity Coefficient .
Mg Limiting Value of End Bearing Capacity =

www.igth.uni-hannover.de
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it ¢ 2 Universitat
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Axially Loaded Piles — Load-Controlled Calculation

Insert pile head loading

File Edit Option Result About

=loix|
EEIEECrisp= =@ s E
Luadingl

German  English
Project| Axial Soil Pagametelg
Avial Load: N—

Viu, Lateral Load:
(+)

M,. 0,
(+) Rotation Fixity:
He T
ol kN kNmi ‘ (_\_’
( s500 )
N

H,:u [kNm/Rad]

No.

Load

Vi Vertical Load

He: Horizontal Load

M< Moment

Total Rotation Fixity: inf

Displacement

u;: Vertical Displacement
u,: Horizontal Displacement
©: Rotation

www.igth.uni-hannover.de
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Axially Loaded Piles — Load-Controlled Calculation

Axial displacement Calculation output

=10 %
File Edit Option ZResult About German  English
= — = — = -
CELgH X CEEEL e
] Axial meters| Loading| Axial Capaci Axial Calculation’| Oyatburden Pressure
Axial Displacement | Nghmal Force | Mobiized Skin Friction
0 L z u.
No- m m
I 0.00203801...
2 042 0.00200177
3 084 000196552
1 1 0.00195172...
-10 + 1 5 126 000192032
5 168 0.00180317..
—_
£ 7 2 000186567
% 8 21 0.00185709...
£ 9 252 0.00182106...
T 10 204 0.00178506...
§ 20 4+ J 11 336 0.00174908
= 12 378 000171314
o 13 4 0.00169433_..
2 14 42 0.00167724...
£ 15 462 000164155
2 16 504 000160610
o 30 4 | 17 546 000157117
18 588 0.00153652...
10 6.3 000150226
20 672 000146841
21 714 000143490
22 7.56 0.00140202...
23 7.08 0.00136053...
-40 : - = 24 64 000133751
Ly | e ‘_, VK = 5500 [kN] 25 8.82 0.00130600__
0.0000 0.0005 0.0010 0.0015 0.0020 0.0025 26 824 0.00127500...
27 966 0.00124453
Axial Displacement [m] 28 1008 000120595
20 AN E Falal
\ www.igth.uni-hannover.de
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Axially Loaded Piles — Load-Controlled Calculation

Normal force End bearing force

=lol x|
File Edit Option Result Abo German  English
N =[] il|lﬂ
Project | Axial Sg
— - I T " T T H " T " T T " T T - " T T " T T " T N
I VK = 5500 [KN] ] | ! : Mo z o
79 31.08 -000.12437..
80 315 868 43772,
81 3192 837 04123
82 3234 808 50300
-10 + ] 83 3276 -780.35300. .
84 3318 75318252
e 85 336 727 04415
o 86 3402 701 90216
£ 87 34.44 -677.72200...
§ 88 3486 | -654.47080...
= .20 | _ 80 3528  |-632116437.
= 90 357 610 62835
o 91 36.12 -589.97710._|
2 92 3654 | -570.13438.
= 93 3606 | -551.07301f
o 94 3738 | -53276685[
[=] a0 1 i 95 378
9 3822
97 3864
98 39 06
99 30 48
100 300
101 40.32
-40 ] 102 4074
+ b I +—+ I —+ —+—+ I ——+ ——+—1 103 4116
-7000 -6000 -5000 -4000 -3000 -2000 -1000 0 vh. T8 5
-386.19332._.
Normal Force [kN]

www.igth.uni-hannover.de

: Leibniz
87 I Gt H Calculation Examples IGtHPile V 3.0 (2| Universitit

Institut fiir Geotechnik

Hannover




Axially Loaded Piles — Load-Controlled Calculation

Actual
Maximal

Mobilized skin friction

=10 %]
File Edit Option Result About ReSId ual German  English
Clefdlcle] [p]x] [S]=]]-]]
Pro-Ject! Axial Soil Parameters' WUHDH | Overburden Pressure| v D e C I S I Ve
Axial Dlsplacemenl' Mormal Forflg_ Mobilized Skin Friction $ :‘
0 T ! T ! T f_dec (Vk = 5500 [kN]) No. z Fa Tt = Tiu Tiee
: : —— act (Vk = 5500 [kN]) m] [kN/m?] [kN/m?] [kN/m?] & KN/
—— f_ult (Vk = 5500 [kN]) 0 0 0 0 fu 0
—— f res (Vk = 5500 [kN]) 2 | 042 185416177 | 2352697326 | 2352697326 | fu | 2.352697326
: : 3| 084 364117341 | 4705394652 | 4705394652 | fu | 4.705294652
1 4 1 430430135... | 5.6016603 | 56016603 | fu 56016603
-10 . 5| 126 |263685763. | 4788 4788 fu 4.788
l 6 | 168 |475827452_ | 6384 6.384 fu 6.384
T | 7 2 558233848 76 76 fu 76
o 8 | 21  |2.87866734.. |26.0415401.. |18.2200781..| fu |26.0415401.
£ 1 9 | 252 |3.02022383.. 27.8620610.. |19.5038633.. | fu | 27.8626619...
§ 1 10| 294 314334256 | 295833456 |207083419 | fu | 295833456
£ .20 | 11| 336 325146091 |312302699 | 218611889 | fu |31.2302699
z 12| 378 |3.34G684967.. |32.8209166.. |22.9746416.. | fu | 32.8209166...
° 13 4 3.39228533... | 33.6358566... | 23.5450096... | fu | 33.6358566...
2 14| 42 127575813 1932 1932 fu 1932
£ 15| 462 137347978 | 21252 21252 fu 21252
o | 16| 504 146606316 23.184 23.184 fu 23.184
2 4 | 17| 546 155360702 25116 25116 fu 26116
18| 588 163621542 | 27.048 27.048 fu 27.048
1 19| 63 (171399812 | 2898 2898 fu 2898
1 20| 672 178707017 30.912 30.912 fu 30.912
| 21| 714 185555142 | 32.844 32.844 fu 32.844
22| 756 191956610  34.776 34.776 fu 34.776
1 23| 798 197924237 | 26.708 36.708 fu 36.708
-40 - 24| 84 | 203471189_ | 3864 38.64 fu 38.64
; i PP i ey 25| 882 |20.8610949. 40572 40.572 fu 40572
60 80 100 120 140 26 924 21.3357272... 42 504 42 504 fu 42 504
27| 066 |217724155_ | 44436 44436 fu 44436
Mobilized Skin Friction [kN/m?] 28| 1008 |220147756_ | 46.368 46.368 fu 46.368
20 A0 E 22 29249280 AQ 2 A D i AQ 3 hal
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Axially Loaded Piles — Load-Controlled Calculation

Bearing behavior: Unplugged End bearing force

13 D:\01 - Forschung\01 - IGtHPile\03 - Version V 3.0\05 - Calculation Examy les\02 - IGtHPile\Example JacketpileJGtH

_lolx]
File Edit Option Result About German  English
Cl@u]cde] [p]x] L&f=]S[=]]
Project Axial Soil Parameters |A)(|a\ Capacrtyl Qverburden P
Zr. Zactom| lq QCaotom O AW Ten/Com InfQut
No. Method = o o
° © ml Iml [kn/m?] ‘ 1 ‘ 3] 3
Sand (Qc) (AP1 2007) - 0 1) 067 0.8
2 | Sand (B) (AP1 2007) @ 1 2I 067 08
3 [ CLAY (AP 2007) - 2 4 067 08
4 | sand (B = DENSE) (API 2007) - 4 *ﬁ 067 0.8
5 | Sand (B = VERY DENSE) {API 2007) = 16 IE 0.67 0.8
Axial Capacity: Seftings: Spitzenwiderstand (GL COWT 2012):
DiamCPT | 0.036 [m] ¥ Pile-Weight " End Bearing Capacity-Top I End Bearing Capacity-Bottom
ICP -Base: |Undrained vl ¥ Sol-Weight I—O i I_O -
Roughness:,  0.02 [mm] I~ Fiin Q-z - Curves . . =
* Axial Soil Parameters: —
Limit Skin Friction:
No.: Layer Number
™ Ten/Com ™ InfOut Method: Calculation Method
End Bearing Capacity: Z7s. Upper Layer Boundary
T GL COWT 2012 Zaosm: LOWeT Layer Boundary
y'- Soil Unit Weight o
Scour (API RP 2A): @¢'- Internal Friction Angle
B: Friction Coefficient
Global Scour: 0 [m] Limit Depth: 0 [m]from ¢ Level (Global Scour) fuw: Limiting Value of Friction
Local Scour [ 0 [m] @ Loz lees 2 || B BEamg e e .
. 101 40.32 -49.356480... I'I_
102 40.74 7.137549. .
[—— E—— T TR TR | 103 4116 5019504 |—
000 -4000 -3000 -2000 -1000 0 104 4 ~12.96947N
105 ¢ 12969425 | )
Normal Force [kN]

{1 ] Leibniz
it ¢ 2 Universitat
to9:4 § Hannover

I Gt H Calculation Examples IGtHPile V 3.0

Institut fiir Geotechnik




Axially Loaded Piles — Load-Controlled Calculation

The inner skin friction is considered in the Q-z _
curve and not in the t-z curves End Bearing Force

13l D:\01 - Forschung\01 - IGtHPile\03 - Version V 3.0\05 - Calculation Examples\02 - IGtH' ile\Example Jacketpile IGtH

o [=[ S|
File Edit Option Result About German  English
Cl@[afcle] [p]x] E[=[E[=]1]
"Project Axial Soil Parameters | Load\ng' Axial Capacrty| Axial Calcula n| Overburden Pressure'
Zr. Zaotom ; Tum Ng ‘ Nejum [ Dly ‘ Ten/Com In/Out
No. Method S s
° = [m] [m] [N/ H L § ‘ H H 3]
sand (Qc} (API 2007) - 0 1 0.67 0.8
2 | Sand (B) (API 2007) ® 1 2 067 0.8
3 | CLAY (API 2007) - 2 4 0.67 0.8
4 | Sand (g = DENSE) {API 2007) - 4 16 / 067 0.8
5 | Sand (B = VERY DENSE) (AP12007) ~ 16 45/ 0.67 0.8
¥y A ¥
Axial Capacity: Axial Qisplacement: Settings: Spitzenwiderstand (GL COWT 2012):
DiamCPT: | 0.036 [m] AP {(Behaviour): [Unplugged = ¥ Pile-Weight "' End Bearing Capacity-Top "' End Bearing Capacity-Bottom
ICP Base: [Undrained =] APl t,.. : 07 [ ¥ Soil-Weight 0 [m] 0 [m]
Roughness:  0.02 [mm)] Q-z - Curves i i X =
: Axial Soil Parameters: -
Limit Skin Friction:
No. Layer Number
I Ten/Gom I In/Out Method- Calculation Method
End Bearing Capacity: Zreo- Upper Layer Boundary
™ GLCOWT 2012 Zaowm: LOWET Layer Boundary
" Soll Unit Weight o
Scour (API RP 24A): @" Internal Friction Angle
& Friction Coefficient
Global Scour: 0 [m] Limit Depth: 0 [m]from ¢ Level (Global Scour) s (LTI VT G RO
Y p— : . . i vz U
Local Scour: 0 [m] evel (Local Scour) { 102 4074 -242.24449...
N S S — 103 116 | offz8741.
-4000 -3000 -2000 -1000 0 1o a1.58
105 a2 |-20463635...
Normal Force [kN]
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Axially Loaded Piles —t-z and Q-z Curves

Presentation of t-z and Q-z curves

_

File Edit Option Result About
[Cle[u]ole] [p]x] [f=[S[=]1]

Project |Ama| Soll Parametersl

=10l =]

German  English

iAxially Loaded Piles: Laterally Loaded Piles: Settings:
Project Name: IWlndfarrn Xy |
¥ Axial Capacity " Load-Controlled Calculation ™ Scour
Project Number: |123456
" Cyclic Capacity Degradation I Displacement-Controlled Caculation I Deflection = I 1 [m]
Location: INOfTh Sea g fachyted J .
- . i = B
Date: |05I01I201 5_17-4021 V, ULS Design Proof (DIN 1054) " py- Curves lterations = I 200 [
Editor: IHanS Mustermann ’ ad-Controlled Calculation ™ ULS Design Proof (DIN 1054) Elements: I 100 [
Comments: Jacketpfahl for Wind Turbine xy ¥ t-A- Curves I~ Minimum Pile Length Tolerance: I 0.0001 [
¥ QF - Curves ™ Load-Displacement Curve
\ [ Stiffness Matrix (Single)
[ Stiffness Matrix (Field)
=
E
@ Pile Section  Pile Material
No. Material Zreo Zgotom D t w Asnnuiar Acirde 1 No. E 'S v Gs
) No. [m] [m] [m] [m] [kN] [m?] [m?] [m‘] i [kN/m?] [kh/m?] 5] [kN/m?]
1 0 10 3.15 0.031 206.5550674164... | 0.303757452082_.. | 7.79311327631118 | 0.369411663715... 210000000 68 0.27 82677165.35433...
2 1 10 20 3.15 0.024 320.5449922503... | 0.235694847242 .. [7.79311327631118 | 0.287914572666...] 2 220000000 68 0.27 86614173.22834. .
3 ‘ 1 20 42 3.15 0.025 784 3303234881 | 0.274625463406_._ [7.79311327631118 | 0.334619730203 .
« | 4] | »
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Axially Loaded Piles —t-z and Q-z Curves

Graphical presentation of t-z curves

Data of t-z curves
displayed in vertical list

=loix|
File Edit Option Result About German  English
HER]e]e] [p]x] [E]=]=]2]0]
rojecl| Axial SN Paramelersl Axial Capacity 1-Z, Q-z - Curves | Qverburden Pressure
T-Z - Curves - Curves |
50 " T " T " T T " T T " T " " T z \ Z[m t
T I \Vﬂ[g B | povm
T ] 0o |00 | o
100 - n 2 o [woo.| o
1 ] 3| 0 0 0
1 ] 4| 0 |000254| O
50 + 3 5 0 0025 0
I ] 1| 042 |-0025 [235.
T T — ] 2 | 042 [-D.00.. |-235..
5 0 3| 042 0 0
= T _ J— ] 4 | 042 |000254|2352
+ —— — , 5| 042 | 0025 2352
50 - ] 1| 0.84 |-0.025 |-470..
T+ 1 2| 084 [-000. |-470.
I i 3| os4 0 0
00 L ] 4 | 084 [000254|4705
1 f ] 5| 084 | 0025 [4705.
T ] 1 1 0025 |-560...
-150 . } . : . . . . : . . . . . . } f ! . : . : } . . : i 1 0'20"' 75'600'"
-0.03 -0.02 -0.01 0.00 0.01 0.02 0.03 4 1 0.00254 | 5.601._
Z[m]-ZD[] 5| 1 | o025 |5601.
—— T=0 —— T=042 T=084 — T=1 — T=128 — T=188 — T=2 — T=21 —— T=25 T=2094 T=338 —— T=378 — T=4 1| 126 | 0025 | 4788
— T=42 — T=482 —— T=5(4 T=546 —— T=588 —— T=863 T=672 — T=7.14 T=766 —— T=798 —— T=84 — T=882 —— T=924 2 126 000 | -4788
—— T=866 —— T=1008 T=105 T=1082 —— T=1134 — T=1176 — T=1218 T=128 T=1302 T=1344 T=133886 T=1428 T=147 3 1.26 0 0
— T=1612 — T=15654 T=15.86 T=16 — T=1%638 — T=168 —— T=1722 — T=17864 T=1806 — T=1848 — T=189 T=1832 — T=18.74
— T=2016 —— T=2068 — T=21 T=2142 —— T=2184 —— T=2226 —— T=2268 —— T=231 —— T=2362 —— T=2384 —— T=2436 —— T=2478 —— T=262 4 1.26 |0.00254] 4.788
T=2562 —— T=2604 — T=2646 —— T=2688 —— T=273 —— T=2772 T=2814 —— T=2856 —— T=2888 —— T=204 —— T=2082 — T=3024 — T=3066 5| 126 | 0025 | 4788
T=3108 — T=316 —— T=3182 —— T=3234 — T=3276 —— T=3318 —— T=336 —— T=3402 —— T=3444 —— T=3488 T=3828 —— T=357 —— T=3812 1 168 | -0025 | -6.384
—— T=354 — T=369% — T=37.36 T=378 —— T=3822 —— T=3864 T=3806 —— T=39.48 T=388 —— T=4032 — T=4074 —— T=4118 T=4158 2 168 -000_ | 6384
——T=a 3| 168 0 0
A 4 L2 N AN25EA4 £ 224
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Axially Loaded Piles —t-z and Q-z Curves

Data of Q-z curves
Graphical presentation of Q-z curves displayed in vertical list
Ewene o=

File Edit Option Result About German  English
[Cl@la]ele] [p]x] [Lf=]s]=]]

Project | Axial Sgi Axial Capacity -2, Q-z - Curves | Overburden Pressure
T-Z-Cuve QZ-Curves |
S —
40 oo e e e D T T T L e m S e
1 J 0 0 0
1 J 2 0 0.002 0
1 4 3 0 0013 0
30 B 4 0 0042 0
T 1 5 0 0.073 0
T 7 3 0 0.1 0
g 1 7] o 015 0
E 20 4— | 1 0.42 0 0
=z 1 ] 2| 042 | 0002 |[17.86...
a 1 J 3| 042 | 0013 [3572..
1 J 4 | 042 | 0042 |5350..
1 J 5| 042 | 0073 |[6431
10 |- - 6 | 042 01 |71.45.
T q 7| 042 | 015 [7145.
T 1 1| 084 0 0
T 1 2| 084 | 0002 (3764
0 T ] 3| 084 | 0013 7529
| : + } : + } : } } } } + + : } : } t . 4| 084 | 0042 |1129..
0.00 0.05 010 0.15 5| 084 | 0073 [1355..
6 | 084 01 [1505
Zor 7| 084 | 015 [1505
— T=0 — T=042 T=084 — T=1 —— T=126 —— T=188 T=2 — T=21 —— T=2582 — T=2%4 T=33 —— T=378 —— T=4 — T=42 1 1 0 0
llr timm Tema Tenm o Temi Tome  Temm o omas  Tems o Tewm o ewr e Toms Toues 2| 1 Jooe |4546..
T=18 T=1838 — T=168 —— T=1722 — T=1764 — T=18.06 T=1848 — T=189 —— T=1832 — T=1974 T=20.18 T=2058 — T=21 — T=21.42 3 1 0013 190.92..
— T=2184 —— T=2228 —— T=2288 —— T=231 —— T=2382 —— T=2394 —— T=2438 —— T=2478 —— T=2682 —— T=2882 —— T=2804 —— T=2848 T=2688 —— T=273 4 1 0042 1363
—— T=2172 T=2814 —— T=2856 —— T=2898 —— T=294 —— T=2982 —— T=3024 — T=3086 —— T=308 — T=35 T=3182 —— T=3234 — T=3275 T=33.18 5 1 0073 |1636..
—— T=338 —— T=3402 T=3444 — T=3488 —— T=3528 — T=387 —— T=3812 —— T=3554 T=389% —— T=3738 T=378 —— T=3322 T=3384 T=39.08 [ 1 0.1 181.8...
— T=33.48  T=389 — T-4032 —— T-4074 T=4116 —— T=4158 — T=42 7 1 015 |1818..
4 4 20 n n
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Axially Loaded Piles —t-z and Q-z Curves

Presentation of t-z and Q-z curves with
t-z and Q-z values for applied loading

File

Edit Option Result About

Cle[w]cr]®] [»]x] [S[=]s]=] 1]

Project |A)(|a| Soil Parametersl Lnadmgl

=1o0ix|

German  English

ially Loaded Piles: Laterally Loaded Piles: Settings:
Project Name: |Wmdfarm Xy
Axial Capacity " Load-Controlled Calculation ™ Scour
Project Number: |123456
Cyclic Gapacity Degradation I Displacement-Controlled Caculation ™ Deflection < 1 [m]
Location: INOFTh Sea ¢ St : 2
- = -
Date: 0510172015 - 17:40:21 { S Design Proof (DIN 1054) ™ py- Curves lterations = 200 U
Editor- IHans Mustermann -Controlled Calculation ™ ULS Design Proof (DIN 1054) Elements: 100 H
Comments: Jacketpfahl for Wind Turbine xy urves ™ Minimum Pile Length Tolerance: 0.0001 [
Curves I Load-Displacement Curve
\ I Stiffness Matrix (Single)
I Stiffness Matrix (Field)
=
E
& Pile Section  Pile Matenal
e Material oo Zoctom D t w Aannwtar Acirde | No E V= v Gs
i No. [m] [m] [m] [m] [kN] [m?] [m?] [m‘ i [kN/m?] [kN/m?] [l [KN/m=]
1 0 10 3.15 0.031 206.5550674164... | 0.303757452082... | 7.79311327631118 | 0.369411663715.._ 210000000 68 0.27 82677165.35433...
2 1 10 20 3.15 0.024 320.5449922503... | 0.235694847242.. | 7.79311327631118 | 0.287914572666...| 2 220000000 68 0.27 86614173.22834...
3 | 1 20 42 3.15 0.028 784.3303234881... | 0.274625463406... | 7.79311327631118 | 0.334619730203. ..
| (I3 K | >
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Axially Loaded Piles —t-z and Q-z Curves

t-z values for applied loading

File Edit Option Result About

Ll2le]e]®] [»]x] [E[=][=]=] ]

German

Toject | Axial SO Parameters | Loading | Axial Capacity | Axial Calculation 12, Q-Z - Gurves | Qverburden Press\e |
T-Z- Curves | g2 - Curves |
Vk = 5500 [kN] \ No. % Z[m] t
20 . ‘ | ‘ . . . | ‘ . . . | . . . ‘ . . m | ZD[H | [kNmE
T = 0o [-0025] o
2 0o |-0o00.| o
3 0 0 0
4 0 |oo0254| o
5 0 0025 0
1| 042 |-0025 |-235.
2| 042 |000. |-235.
T 3| 042 0 0
Z 4| 042 [000254]|2352
= 5| 042 | 0025 |2382.
1| 084 |-0025 [-470.
2| 084 |000. |-470.
3| 084 0 0
4| 084 |0.00254|4705.
5| 084 | 0025 [4705.
1 1 0025 | -560...
‘ . . . i . . . : i . . ‘ . ‘ . . ‘ . ‘ . 2 1 |-000 [560.
i T ' ' 1 ' T ' ' 1 ' T i ' I ' T i ' I ' 3 1 0 0
-0.0005 0.0000 0.0005 0.0010 0.0015 0.0020 1 1 0.00254 | 5.601_
Z[m]-ZID[] 5| 1 0.025 |5.601...
A Current —— T=0 — T=042 —— T=084 — T=1 — T=126 T=188 —— T=2 T=21 — T=282 —— 7=284 —— T7=336 —— T=378 1 126 0.025 -4788
— T=4 T=42 —— T=482 —— T=504 — T=546 —— T=588 —— T=63 — T=672 — T=T714 T=756 T=78 —— T=084 — T=882 2 196 000 | -4788
—— T=024 —— T=088 T=1008 —— T=105 T=1082 —— T=1134 —— T=11768 — T=12.18 T=128 T=1302 T=1344 T=13.86 T=1428 3 126 0 0
— T=147 —— T=16.12 T=1564 —— T=15686 — T=186 — T=1638 —— T=168 —— T=1722 — T=1764 — T=1806 —— T=1648 — T=188 —— T=198.32
T=1874 — T=2016 —— T=2066 — T=21 —— T=2142 —— T=2184 —— T=2226 —— T=2268 —— T=231 T=2362 —— T=2394 —— T=2436 —— T=2478 4 126 0.00254| 4.788
—— T=252 —— T=2682 — T=2604 — T=2845 T=2888 — T=273 —— T=27T72 —— T=2814 — T=28586 — T=2898 T=294 T=2082 — T=3024 5 126 0025 4788
—— T=3066 T=31.08 T=M5 —— T=3182 — T-3234 — T=3276 T=3318 — T=338 T=3402 —— T=3444 —— T=-3486 —— T=3528 —— T=357 1 168 | -0.025 | -6.384
— T=36.12 T=3654 — T=3696 —— T=3738 — T=378 —— T=3822 —— T=3864 — T=3006 — T=3048 T=389 —— T=4032 — T=4074 — T=4118 2 1.68 -0.00... | -6.384
—— T=4158 T=42 3 168 0 0
A 4 L2 N NAN2EA = 224

_1Ol x|
English
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Axially Loaded Piles —t-z and Q-z Curves

Q-z value for applied loading

=lolx|

File Edit Option Result About German  English

Z - Curves | Qverburden Pressure |

VK = 5500 [kN] N Z 2D | o
m | g |9
1 0 ] ]
700 |
2 0 0.002 0
600 3 0 0.013 0
4 0 0.042 0
500 5 0 0.073 ]
6 0 01 ]
7 0 0.15 0
_. 400
= 1| 042 0 0
=
= 2 042 0.002 [17.86 ..
o 300
3 042 0013 3572 .
200 4 0.42 0.042 |53.59...
9 0.42 0.073 [64.31...
100 6 042 01 71.45 .
7 042 015 | 7145
0 1 0.84 0 0
: 2 0.84 0.002 |37.64 .
-100 . t : + ! + t : + } + + ; —r : j + : o . + | : + : t 3| 084 | DOWS 7529
! ! ! ! ] f ! 4| 084 | 0042 [1120
0 100 200 300 400 500 600 s | 081 | 0073 | 1355
ZID [ (10%-6) 6| 084 | 01 [1805.
M Curent —— T=0 —— T=042 —— T=084 T=1 T=126 —— T=18 —— T=2 —— T=21 —— T=28 T=284 — T=33 —— T=378 7| o84 0.15 |150.5...
T=4 —— T=42 T=4862 —— T=504 —— T=646 —— T=588 —— T=63 —— T=672 —— T=714 —— T=766 —— T=788 —— T=84 —— T=882 1 1 0 0
—— T=924 T=966 —— T=10.08 T=106 —— T=1092 —— T=1134 —— T=1176 — T=1218 —— T=126 — T=1302 — T=1344 —— T=138 —— T=1428 > 1 0002 | 4545
—— T=147 —— T=1512 —— T=1554 T=1586 T=18 T=1638 —— T=1638 T=1722 —— T=1784 —— T=1808 —— T=1848 —— T=189 T=1932
—— T=18.74 T=2016 —— T=20.58 T=21 —— T=2142 — T=2184 —— T=2226 T=2288 —— T=231 —— T=2382 —— T=2384 —— T=2438 T=2478 3 1 0.013 190.92...
T=252 T=2562 — T=2608 —— T=2646 T=2688 — T=27.3 —— T=2772 — T=2814 — T=2856 T=2398 T=204 —— T=2082 — T=3024 4 1 0.042 | 136.3...
—— T=3088 —— T=3108 —— T=315 —— T=3182 —— T=3234 T=3276 — T=3318 —— T=338 T=3402 —— T=3444 —— T=348 —— T=3628 —— T=367 5 1 0073 | 1636 .
—— T=3612 — T=3%54 — T=365 T=3738 T=373 T=3822 T=3864 —— T=3906 —— T=3948 —— T=388 —— T=4032 —— T=4074 —— T=41.16 [ 1 01 |1818
T=4158 T=4 7 1 0.15 |181.8...
4 | _40c n n
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Axially Loaded Piles — Scour

Note: The scour function is available
for all calculation types

Choose calculation type  Scour

131t D:\01 - Forschung)01 - IGtHPile\03 - Version V 3.0\05 - Calculation Examples\02 - IGtHPile\Bxample Jacke tpileJGtH o [ ]
File Edit Option Result About German  English
‘D|@|H|g|m| ‘ plx| |—d|§|—d|i+|_il| [The project is stdred without request with the name of the current opened file! |
Project |A)(|a| Soll Parametersl Lnadmgl
xially Loaded Piles: Laterally Loaded Piles: \
Project Name: |Wmdfarm Xy
¥ Axial Capacity " Load-Controlled Calculation r
Project Number: |123456
Cyclic Capacity Degradation I Displacement-Controlled Caculation Deflection = 1 [m]
Location: |N0r‘th Sea ‘/ Y pacity Ueg! of pl
- = -
Date: 0510172015 - 17:40:21 ,’ Design Proof (DIN 1054) ™ py- Curves lterations = 200 U
Editor- |Hans Mustermann \ ¥ Loagl-Controlled Calculation ™ ULS Design Proof (DIN 1054) Elements: 100 H
™
Comments: Jacketpfahl for Wind Turbine xy t-z - Curves ™ Minimum Pile Length Tolerance: 0.0001 H
™ Q-=z- Curves I Load-Displacement Curve
I Stiffness Matrix (Single)
I Stiffness Matrix (Field)
|
|
& Pile Section © Pile Material
e Material Zrep Zootom D t w Aannutar Acide | No E A v Gs
i No. [m] [m] [m] [m] [kN] [m#] [me] [m1 [keh/m?] [KN/m?] [l [KN/m=]
1 0 10 3.15 0.031 206.5550674164... | 0.303757452082... | 7.79311327631118 | 0.369411663715.._ 210000000 68 0.27 82677165.35433...
2 1 10 20 3.15 0.024 320.5449922503... | 0.235694847242.. | 7.79311327631118 | 0.287914572666...| 2 220000000 68 0.27 86614173.22834...
3 | 1 20 42 3.15 0.028 784.3303234881... | 0.274625463406... | 7.79311327631118 | 0.334619730203. ..
| (B3 K | >
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Axially Loaded Piles — Scour

Define scour and limit depth for
effect on effective stresses

131 D:\01 - Forschung\01 - IGtHPile\03 - Version V. .0\05 - Calkculation Examples\02 - IGtHPile\Example Jacketpile.IGtH | =) 5[
File Edit Option Result About German  English
EEEIEIENDENEEE EE
"Project Axial Soil Parameters |Loadiﬂg| Axial Capaci‘ty[ Axial Ca\culatiom' Overburden Pressure'
- o 28 Zaztom ' ' [ ‘ ‘ NG ‘ Qtrap Clgosem ‘ YSRIOCR ‘ Al ‘ Ten/Com InfOut
) [m] [m] [kN/m?] ] [ [ [kN/m*] [kh/m#] [kN/m#] [ [ [ [
Sand (Qc) (API 2007) - 0 1 10 32 067 08
2 | Sand (B} (API 2007) 2 1 2 10 0.67 0.8
3 | CLAY (API 2007) - 2 4 10 0.67 0.8
4 | Sand (B = DENSE) (API 2007) - 4 16 10 0.67 0.8
5 | Sand (B = VERY DENSE) (API 2007) - 16 45 10 067 08
Axial Capacity: Axial [¥isplacement: Setiings: Spitzenwiderstand (GL COWT 2012)
DiamCPT:. | 0.036 [m] API (Befaviour): |Unplugged = ¥ Pile-Weight = End Bearing Capacity-Top I End Bearing Capacity-Bottom
ICP -Base: |Undrained = APt 07 H ¥ Soil Weight | 0 [m] 0 [m]
Roughness:  0.02 [mm) ¥ F.iflQ-z - Curves -
! Axial Soil Parameters: -
Limit Skin Friction:
No.: Layer Number
I Ten/Com [ InfOut Method: Calculation Method
End Bearing Capacity: 7 Zrs;: Upper Layer Boundary
™ GLCOWT 2012 Zaowm: LOWer Layer Boundary
v'": Soll Unit Weight F
Scour @' Internal Friction Angle
R&: Friction Coefficient
Global Scour: g [m] Limit Demh:l 7l [m] from ¢ Level (Global Scour) T Limiting Value of Friction
s S |—3 [ml & Level (Local Scour) Ng: End B.e.aring Capacity Coefficient ;
Ngu- Limiting Value of End Bearing Capacity -
[ —— — www.igth.uni-hannover.de

: Leibniz
I Gt H Calculation Examples IGtHPile V 3.0 Universitéit

Institut fiir Geotechnik Hannover




Axially Loaded Piles — Scour

Overburden pressure
considered in calculations

_ L=
File Edit Option Result About German English
Clee]ele] [p]x] [L[-]s]-[1
Project | Axial Soil Parameters | Axial Capacity
Overburden Pressure |
0 ! ! ! Overburden Pressure Z o, Oesar Oioca [ =
: : : weee\Blobal Scour bz [m] [KN/mE] [KM/m=] [kM/m=] [kN/me]
: : : e
Global scour «<— 5 5 ‘= Reduced Profie o o o o o
: : : ; 2 0.42 42 0 0 0
Local scour «—+ 3 | oes 0 0 0
4 1 10 0 0 0
- .y 10 5 1 10 0 0 0
Linear transition < s | 12 0 0 0
. . 7 168 16.8 0 0 0
(limit depth) |, S W
E 9 2 20 0 0 0
E 10 2.1 21 0 0 0
E . 1 252 252 0 0 0
s 12 204 29 4 0 0 0
s 13 3.36 336 0 0 0
2 14 378 37.8 0 0 0
fé 15 4 40 0 0 0
o 16 4 40 0 0 0
17 42 42 0 0 0
30 18 462 462 0 0 0
19 504 50.4 42 0 0
20 5.46 546 8.4 0 0
21 588 588 126 0 0
22 63 63 16.8 0 0
23 672 67.2 21 0 0
24 7.14 714 252 0 0
-40 25 756 756 294 0 0
26 7.98 798 336 0 0
27 84 84 378 42 63
Overburden Pressure [kN/m?¥] 28 8.82 88.2 42 84 126
20 024 a2 4 AR 2 412 £ 12 0O hd
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Axially Loaded Piles — Scour

134 IGEHPILE =10 %]
File Edit Option Result About German  English
Clefdlc]e] [p]x] [=]]]]]
'Project| Axial Soil Parameters' Loadi i ity Axial Calculation | QOverburden Pressure'
Axial Displacement | Normal Fof@g  Mobilized Skin Friction
0 R 7_dec (Vk = 5500 [kN]) | 2 = it fee i e
1 : —— fact (Vk = 5500 [kN]) m] [kh/m?] [kN/m?] [kN/m?] H kh/m?]
1 Gl b | : — f_ult (Vk = 5500 [kN]) 0 0 0 0 fu 0
| €&— Oopal scour : —— f_res (Vk = 5500 [kN]) > 0z 0 0 o
; Local scour | | | o : RN
: : : 14 1 0 0 0 fu 0
10 4 RS- e ] s 126 0 0 0 fu 0
: : 6 | 168 0 0 0 fu 0
T 7 2 0 0 0 fu 0
° 8 2.1 0 0 0 fu 0
- e o | 262 0 0 0 0 0
§ 10| 204 0 0 0 fu 0
s 204 d 11| 338 0 0 0 fu 0
= 12| 2378 0 0 0 fu 0
° 13 4 0 0 0 fu 0
2 14| 42 0 0 0 fu 0
£ 15| 462 0 0 0 fu 0
& 16| 5.04 0 0 0 fu 0
8 sl | 17| 546 0 0 0 fu 0
18| 5688 0 0 0 fu 0
19| 63 0 0 0 fu 0
20| 672 0 0 0 fu 0
21| 714 0 0 0 fu 0
22| 756 0 0 0 fu 0
23| 798 0 0 0 fu 0
-40 + | - 24| 84 | 217115388_ | 2898 2898 fu 2898
— ; - — s } —t 26| 882 425713704 5796 5796 fu 5796
0 20 40 60 80 100 120 140 26 924 6.25815272... 8.694 8.694 fu 8.694
27| 966 |8.17465409. | 11592 11,502 fu 11582
Mobilized Skin Friction [kN/m?] 28| 1008 |994640352 14.49 14.49 fu 14.49
20 A0 E 414 £4412Q077F 17 200 17 290 i 17 200 hal
www.igth.uni-hannover.de
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