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Preface 

2 

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 

3 
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Laterally Loaded Piles – Generate Project 

4 

Generate project 
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Laterally Loaded Piles – Save Project 

Save project 
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Laterally Loaded Piles – Insert Pile Data 

Add, insert or delete rows of pile 

section or pile material, respectively Control parameter 

Timoshenko Beam 

(default) 

Describe project 
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Laterally Loaded Piles – Choose Between Calculation Types 

7 

Choose calculation type Define soil parameters 
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Laterally Loaded Piles – Lateral Soil Parameters 

12 p-y methods  

available 

Loading type: 

Static or cyclic p-y curves 

Beam model: 

Timoshenko/ Bernoulli 
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Laterally Loaded Piles – References p-y Methods (1) 

DIN 1054:2010-12:  Deutsches Institut für Normung e.V. (DIN), DIN 1054:2010-02: Baugrund - 

Sicherheitsnachweise im Erd- und Grundbau - Ergänzende 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 7th 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-OS-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 7th German Wind Energy Conference (DEWEK), 2004. 

 

Sørensen et al. 2010: Sørensen, 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 7th European Conference 

on Numerical Methods in Geotechnical Engineering, 2010, pp. 907-912. 
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Laterally Loaded Piles – References p-y Methods (2) 

Sørensen 2012:  Sørensen 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 

Gründungsbemessung von Offshore-Windenergieanlagen auf Monopfählen mit sehr 

großen 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: Thieken et al. 2015 
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Laterally Loaded Piles – Assigned Soil Parameters 

p-y method 

(arbitrary combinations) 

Insert soil data 

 in white fields 
By default: 

  09.26'008085.0³m/MNk 45.2
API 

Define loading 
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Laterally Loaded Piles – Load Controlled Calculation 

Start / Stop  

calculation 

Insert pile head loadings 

 (Unlimited load cases) 

Calculation  

finished 

Rotation Fixity at pile head 

0 => free 

inf => Full fixity  
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Laterally Loaded Piles – Calculation Output 

Calculation output Deflection line Change load cases Results in tabular form 
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Laterally Loaded Piles – Calculation Output 
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Laterally Loaded Piles – Calculation Output 

Actual 

Maximal 

Residual 

Decisive 
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Laterally Loaded Piles – Calculation Output 

The stretching factor SFpy is depicted additionally if the p-y method 

according to Thieken et al. (2015) is used.  
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Laterally Loaded Piles – Soil Stiffness Modulus 
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Overburden pressure 

Control applied soil stiffness modulus Es 
λEs = 0.0  

 Es = constant 

0.0 > λEs < 1.0  

 Es = parabolic 

λEs = 1.0  

 Es = linear 

Relevant: DIN 1054:2010-12; Sörensen (2012); Kirsch et al. (2014);  Thieken et al. (2015)  
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Laterally Loaded Piles – Soil Stiffness Modulus 
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Overburden pressure 

Control applied dynamic shear modulus G0  
λG0 = 0.0  

 G0 = constant 

0.0 > λG0 < 1.0  

 G0 = parabolic 

λG0 = 1.0  

 G0 = linear 

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



Calculation Examples IGtHPile V 3.0 20 

Laterally Loaded Piles – Overview of Main Results 

Overview of main calculation results 

(for post processing) 
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Laterally Loaded Piles – Displacement-Controlled Calculation 
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Laterally Loaded Piles – Displacement-Controlled Calculation 

Insert pile head displacements & rotations 

 (Unlimited load cases) 
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Laterally Loaded Piles – Displacement-Controlled Calculation 
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Laterally Loaded Piles – p-y Curves 

Presentation of p-y curves 
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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 
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Laterally Loaded Piles – p-y Curves 

Presentation of p-y curves with  

p-y values for applied loading 
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Laterally Loaded Piles – p-y Curves 

p-y values for applied loading 
p-y curves with stretching factors 

for method: Thieken et al. (2015)  
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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 
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Laterally Loaded Piles – ULS Design Proof acc. to DIN 1054 

ULS design proof according 

to DIN 1054:2010-05 

Characteristic, 

permanent loading 
Characteristic, 

variable loading 

Partial safety factors - 

DIN values by default 



Calculation Examples IGtHPile V 3.0 30 

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

Variable loading existing: 

Determination of BG+Q,k  

 → Load: HG,k + HQ,k  / MG,k + MQ,k 

 

Determination of BQ,k   

 → Load: HQ,k / MQ,k 

 

Determination of BG,k   

       → BG,k = BG+Q,k - BQ,k  

 

Design proof: 

 

 

 

 

 

 

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

Corresponding 

point of rotation 

Design  

proof 

Utilization  

ratio 
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Laterally Loaded Piles – Minimum Pile Length 

Reducing pile length to minimum  
Insert loading of interest, 

start calculation  
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Laterally Loaded Piles – Minimum Pile Length 

Find minimum pile length for  

tolerable head displacement / head rotation  

Data for pile length z 

displayed in vertical list 
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Laterally Loaded Piles – Load-Displacement Curve 

Generate load- 

displacement curve 

Stop calculation at certain 

pile head displacement 
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Laterally Loaded Piles – Load-Displacement Curve 

Define initial horizontal load H, horizontal load 

increment and horizontal load eccentricity   

Pile head moment 

M = H ∙ 10 m 
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Laterally Loaded Piles – Load-Displacement Curve 
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Laterally Loaded Piles – Stiffness Matrix (Single) 

Generate stiffness matrices 

for single load eccentricity 

Stop calculation at certain 

pile head displacement 
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Laterally Loaded Piles – Stiffness Matrix (Single) 
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Calculation procedure for generating stiffness matrices (1) → (4) 

with: ∆H = 1E-6 ∙ Hinc 
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Laterally Loaded Piles – Stiffness Matrix (Single) 

Define initial horizontal load H, horizontal load 

increment and horizontal load eccentricity   
Pile head moment 

M = H ∙ 10 m 
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Laterally Loaded Piles – Stiffness Matrix (Single) 

Show stiffness matrix 

Choose matrix entry  

Values in tabular form 
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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. 

∆Happlied = 100 kN 
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Laterally Loaded Piles – Stiffness Matrix (Single) 

Overview of all relevant calculation 

values (for post processing) 
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Laterally Loaded Piles – Stiffness Matrix (Field) 

Generate stiffness matrices for 

several load eccentricities 

simultaneously 
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Laterally Loaded Piles – Stiffness Matrix (Field) 

Define field of stiffness matrices 
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Laterally Loaded Piles – Stiffness Matrix (Field) 

Moment 
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Matrix entry Results 
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Laterally Loaded Piles – Scour 

Choose calculation type Scour 

Note: The scour function is available 

for all calculation types 
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Laterally Loaded Piles – Scour 

Define scour and limit depth for 

effect on effective stresses 
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Laterally Loaded Piles – Scour 

Global scour 

Local scour 

Linear transition 

(limit depth)  

Overburden pressure 

considered in calculations 
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Laterally Loaded Piles – Scour 

Note: Decrease in overburden pressure also reduce  

soil stiffness modulus Es and dynamic shear modulus G0 if λ ≠ 0.0 !!! 
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Laterally Loaded Piles – Scour 

Global scour 

Local scour 

Global scour 

Local scour 
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Axially Loaded Piles 

Part 2: Axially Loaded Piles 

51 
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Axially Loaded Piles – Generate Project 

Generate project 

52 
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Axially Loaded Piles – Save Project 

Save project 

53 
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Axially Loaded Piles – Insert Pile Data 

54 

Add, insert or delete rows for pile 

sections or pile material, respectively Control parameter Describe project 

Timoshenko Beam 
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Axially loaded piles – Choose Between Calculation Types 

55 

Choose calculation type Define soil parameters 
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Axially Loaded Piles – Choose of Capacity Method 

56 

Eight capacity methods 

available 

Capacity settings 

Displacement settings 

Capacity and displacement 

settings 
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Axially Loaded Piles – Sand (API 2007) Method 

Self-defined β-values 

Input via β-values  

according API 2007 Input via CPT data 
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Axially Loaded Piles – References 

References: 

(R.1)  API 2000: “Recommended Practice for Planning, 

Designing and Constructing Fixed Offshore 

Platforms- Working Stress Design”, API 

Recommended Practice 2A-WSD (RP 2A-WSD), 

21st edition, American Petroleum Institute (API), 

Dallas, 2000. 

(R.2)  API 2007: “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. 

Methods   Reference 

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

Sand (β) (API 2007)  (R.2) 

Sand (β = VERY LOOSE) (API 2000) (R.1) 

Sand (β = LOOSE) (API 2007) (R.2) 

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

Sand (β = DENSE) (API 2007) (R.2) 

Sand (β = VERY DENSE) (API 2007) (R.2) 

Sand (JARDINE 2005)  (R.3) 

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

Sand (OFFSHORE UWA-05) (API 2007) (R.2) 

Sand (FUGRO-05) (API 2007) (R.2) 

Sand (NGI-05) (API 2007)  (R.2) 

CLAY (API 2007)  (R.2) 

CLAY (JARDINE 2005)  (R.3) 

58 
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Axially Loaded Piles – Insert Soil Data 

Arbitrary combinations Insert soil data 

 in white fields 

By default 

Reduction of inner 

skin friction 

Reduction of capacity in 

tension 
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Axially Loaded Piles – Assigned Soil Parameters 

Sand (Jardine 2005) 

Sand (Simplified ICP-05)  

Clay (Jardine 2005) 

Clay (Jardine 2005) 

Sand (Jardine 2005) 
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Axially Loaded Piles – Axial Capacity 

Start / Stop  

calculation 

Calculation  

finished 
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Axially Loaded Piles – Axial Capacity 

• In case of compression load 

 a) unplugged 

 

 b) plugged 

 

 

• In case of tension load 

 c) unplugged 

 

 d) plugged 

Rc,k = F,c + Fi,c + Qb 

Rc,k = F,c + Qb 

Rt,k = F,t + Fi,t 

Rt,k = F,t + Gplug 

dzfF cc  ,.

dzfF cici  ,,

 22 )2(
4

tDDqQ bb 


2

4
DqQ bb


 Tip Resistance (plugged) 

Tip Resistance (unplugged) 

Inner Skin Friction in Compression 

Weight of Soil Plug plugG

Outer Skin Friction in Compression with: 

Calculation of axial capacity: 

dzfF tt  ,,

dzfF titi  ,, Inner Skin Friction in Tension 

Outer Skin Friction in Tension 

Note: The inner skin friction fi,c and fi,t is zero for the CPT methods. 
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Calculation output Total axial capacity 

with depth 

Axially Loaded Piles – Axial Capacity 
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Skin friction force with depth 

Axially Loaded Piles – Axial Capacity 
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End bearing capacity with depth 

Axially Loaded Piles – Axial Capacity 
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Reduction of skin friction 

and limit skin friction 

Skin friction on pile shaft for last depth 

Axially Loaded Piles – Axial Capacity 
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End bearing for last depth 

Axially Loaded Piles – Axial Capacity 
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Deactivate effect on  

limit skin friction 

Axially Loaded Piles – Axial Capacity 
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Reduction of skin friction 

Limit skin friction 

(not affected) 

Axially Loaded Piles – Axial Capacity 
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Consideration of inner soil-weight 

Axially Loaded Piles – Axial Capacity 
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Axially Loaded Piles – Axial Capacity 

F,c + Fi,c + Qb 

F,c + Qb 

F,t + Fi,t 

F,t + Gplug 

• In case of compression load 

 a) unplugged 

 b) plugged 

 

• In case of tension load 

 c) unplugged 

 d) plugged 

Consideration of inner soil weight 
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Axially Loaded Piles – ULS Design Proof acc. to DIN 1054  

ULS design proof according to  

DIN 1054:2010-05 
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Axially Loaded Piles – ULS Design Proof acc. to DIN 1054  

Characteristic, 

permanent loading 

Partial safety factors - 

DIN values by default 

Characteristic, 

variable loading 
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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: 

 

 

 

 

 

 

• In case of tension load:  

a) unplugged 

(VG,k + Gpile) γG + VQ,k γQ ≤ (F,c + Fi,c + Qb) / γt 

b) plugged 

(VG,k + Gpile) γG + VQ,k γQ ≤ (F,c + Qb) / γt  

c) unplugged 

VG,k γG + VQ,k γQ – Gpile γG,inf ≤ (F,t + Fi,t) / γs,t 

d) plugged 

VG,k γG + VQ,k γQ – Gpile γG,inf ≤ (F,t + Gplug) / γs,t 

 

VG,k γG + VQ,k γQ – (Gpile + Gplug) γG,inf ≤ (F,t) / γs,t  

(with soil-weight as resistance) 

(with soil-weight as effect) 
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Axially Loaded Piles – ULS Design Proof acc. to DIN 1054  

Load case: Compression  

Required 

embedded lengths 

Design values 
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Axially Loaded Piles – ULS Design Proof acc. to DIN 1054  

Load case: Tension 

 

Required 

embedded lengths 

Design values 

Change load case 
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Axially Loaded Piles – ULS Design Proof acc. to DIN 1054  

Soil weight as effect 

In case of tension load 

 c) unplugged 

 

 

 d) plugged with 

VG,k γG + VQ,k γQ – Gpile γG,inf ≤ (F,t + Fi,t) / γs,t 

VG,k γG + VQ,k γQ – Gpile γG,inf ≤ (F,t + Gplug) / γs,t 

VG,k γG + VQ,k γQ – (Gpile + Gplug) γG,inf ≤ F,t / γs,t 

(with soil-weight as resistance) 

(with soil-weight as effect) 
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Axially Loaded Piles – ULS Design Proof acc. to DIN 1054  

Considered load case: Tension 

Required 

embedded lengths 

Design Values 

Decreasing loading 
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Axially Loaded Piles – ULS Design Proof acc. to DIN 1054  

Consideration of pile-weight 
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Axially Loaded Piles – ULS Design Proof acc. to DIN 1054  

Considered load case: Compression 

Required 

embedded lengths 

Design Values 

Increasing loading 
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Axially Loaded Piles – ULS Design Proof acc. to DIN 1054  

Considered load case: Tension 

Required 

embedded lengths 

Decreasing loading 

Design Values 
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Axially Loaded Piles – Load-Controlled Calculation 

Load-controlled calculation 
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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: 

 

 

 

 

 

 

 

• In case of tension loads: 

 

 

 

 

 

 

Note: The inner skin friction fi,c and fi,t is zero for the CPT methods.  
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Axially Loaded Piles – Load-Controlled Calculation 

Bearing behavior: Plugged 

Residual resistance 

for cohesive soils 



Calculation Examples IGtHPile V 3.0 85 

Axially Loaded Piles – Load-Controlled Calculation 

Insert pile head loading 
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Calculation output Axial displacement 

Axially Loaded Piles – Load-Controlled Calculation 
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Normal force End bearing force 

Axially Loaded Piles – Load-Controlled Calculation 
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Mobilized skin friction 
Actual 

Maximal 

Residual 

Decisive 

Axially Loaded Piles – Load-Controlled Calculation 
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Axially Loaded Piles – Load-Controlled Calculation 

End bearing force Bearing behavior: Unplugged 
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End Bearing Force 
The inner skin friction is considered in the Q-z 

curve and not in the t-z curves 

Axially Loaded Piles – Load-Controlled Calculation 
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Axially Loaded Piles – t-z and Q-z Curves 

Presentation of t-z and Q-z curves 
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Graphical presentation of t-z curves 
Data of t-z curves  

displayed in vertical list 

Axially Loaded Piles – t-z and Q-z Curves 
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Graphical presentation of Q-z curves 
Data of Q-z curves  

displayed in vertical list 

Axially Loaded Piles – t-z and Q-z Curves 
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Presentation of t-z and Q-z curves with  

t-z and Q-z values for applied loading 

Axially Loaded Piles – t-z and Q-z Curves 
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t-z values for applied loading 

Axially Loaded Piles – t-z and Q-z Curves 
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Q-z value for applied loading 

Axially Loaded Piles – t-z and Q-z Curves 
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Axially Loaded Piles – Scour 

Choose calculation type Scour 

Note: The scour function is available 

for all calculation types 
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Define scour and limit depth for 

effect on effective stresses 

Axially Loaded Piles – Scour 
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Global scour 

Local scour 

Linear transition 

(limit depth)  

Overburden pressure 

considered in calculations 

Axially Loaded Piles – Scour 
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Global scour 
Local scour 

Axially Loaded Piles – Scour 
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Univ. -Prof. Dr.-Ing. Martin Achmus 

Institute for Geotechnical Engineering 

Leibniz Universität Hannover 

Appelstr. 9a 

D-30167 Hannover 

 

Contact: igthpile@igth.uni-hannover.de 

 

 Federal Ministry for 

Economic  Affairs and 

Energy (BMWI) 

Special thanks to: 


