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Coastal erosion 



The Holderness Coast has 
one of the fastest rates 
of erosion in the world.   

A farmer called Sue 
Earle has lost 200m of 
good arable land in just 
10 years! 



Coastal protection. Present decisions 



Steel vertical “fence” structure 





Artificial territories of dredged soils 



Dams for dredged deposits 



Dams for dredged deposits 





Greenstick Sea Wall  



Ice loads calculations for inclined wall 



Ice loads calculations for inclined wall 
   Characteristics Symbol Quantity Measure 

Ice –air temperature, C Tl -5 °С 

Ice width Hd 0.1 m 

Max. square of  ice field, 1% 

insurance 
Al 100 m2 

Speed of ice field  vl 0.15 m/sec 

Characteristisc Symbol Quantity Measure 

Vertical force from ice 

movement 
P1 108 кН 

Horizontal  force from  

temperature 

extension of ice  

P2 108 кН 



FRP: Apatech Sea Wall and Australian Breackwater 



Infussion and pultrussion 



Material abrasion. Darmstadt method 

 



Physical characteristics of FRP SHK-150 sheet pile  

Characteteristics Measure Value 

Allowable moment (M) kN-m/m 237 

Inertion moment (𝐼𝑦) c𝑚4/m 17885 

Inertion moment (𝐼𝑥) c𝑚4/m 1684 

Resistant moment (𝑊𝑥) c𝑚3/m 210 

Strength limit (R) MPa 1126 

Width mm 600 

Depth mm 145 

Thickness mm 5 





Greenstick grip 



Greenstick pile 







Technology of installation of Greenstick Walls 



Greenstick underwater dum 



Decisions for underwater dums guiding  the stream  



Greenstick bottom score protection 



Qсв i - приведенная к 1 пог. м сооружения сила сопротивления сдвигу  

по поверхности скольжения за счет сопротивления излому свай,  

забитых ниже поверхности скольжения на глубину tп, рекомендуется значение Qсв i  

определять по Руководству к СНиП II-16-76; допускается определять Qсв i по формуле 

 

                                                           [12] 

Mсв - изгибающий момент в свае ниже поверхности скольжения,  

значение которого принимается из двух условий: из условия прочности 

 железобетонного сечения, определяемой по формуле СНиП II-56-77,  

или из условия защемления сваи ниже поверхности скольжения tз = tп/1,25 по формуле 

 

                                                     [13] 

          в расчет принимается меньшее из полученных значений; 





Greenstick Flood Wall 









Tests of  Walls in Waves flume  



Tests of Greenstick Wall in Waves flume  



FRP(HCB) bridges http://innovativeglobal.net/products/hc-bridge 





The distortion of an S-profile 



Concrete-filled mattresses 



Danube river. Destruction of concrete matrasses  



Price comparison of steel and FRP pipes 



Wave pressure distribution on slope 

Scheme characteristics Symbol Quantity Measure 

Wind speed, 10m hight 15 m\sec 

Bottom depth (d) 2 m 

Slope angle (Fi) 44 ° 

Plates size (bf) 30 m 



Waves loads calculations for Greenstick inclined wall 

Waves characteristics Symbol Quantity Measure 

Medium waves height (h_) 2.25 m 

Medium waves length (La_) 33.88 m 

Medium waves period (T_) 7.11 sec 

First waves collapse  depth (dcr) 1.68 m 

last waves collapse depth (dcru) 0 m 

Calculated waves height in front of  wall (hr) 4.26 m 

Exceedance of max. wave above of calculated level (nu) 3.2 m 



FEM calculations of Greenstick Wall 



FEM Greenstick grip calculations  



Tests of Greenstick grip in soil tray of BLASDARI 
www.blasdari.com  

Pile`s 

type 

Anchorage aility, kg, for angle of inclined uplift force  

Hori-

zontal 

20 30 45 60 Vertical 

“Kriner” 

pile 

42,40 57,49 26,34,

32 

33,42,3

5 

48 32 

Screw 

pile  

40 58,62 55,72 55,62 57,65 83,80,72 

http://www.blasdari.com/


Vertical uplift capacity of “Krinner” screw pile 

𝐹𝑑=sin𝛽×Σ[𝛾𝑐×(𝑎1×𝐶1+𝑎2×𝑃×ℎ𝑖)×𝐴]+[𝛾𝑐×𝑈×𝑓𝑖×(𝐻𝑖−𝑑)] 

 
• 𝐹𝑑 (𝑡𝑜𝑛𝑠) = Vertical uplift capacity 

• 𝛽 (°)=𝐴𝑛𝑔𝑙𝑒 𝑜𝑓 𝑇ℎ𝑟𝑒𝑎𝑑 

• ℎ𝑖 (𝑚) = The depth of each i-th thread. 

• 𝐴 (𝑚2) = The projection of the working area of the blade.  

• 𝑈 (𝑚) = Perimeter of pile shaft 

• 𝐻𝑖 (𝑚)= Shaft length, measured from ground surface to first thread 

• 𝑑 (𝑚) = Diameter of the pile shaft 

• 𝛾𝑐 (𝑑𝑖𝑚𝑒𝑛𝑡𝑖𝑜𝑛𝑙𝑒𝑠𝑠)= Coefficient of working conditions, for compressing, tensile and 
alternating loads 

• 𝑎1 & 𝑎2 (𝑑𝑖𝑚𝑒𝑛𝑡𝑖𝑜𝑛𝑙𝑒𝑠𝑠)= Constants dependent upon 𝜑 

• 𝜑 (°) = The estimated value of the angle of internal friction of soil in the work area 

• 𝐶1 (𝑡𝑜𝑛𝑠𝑚2⁄) = The estimated value of the specific adhesion of soil in the work area 

• 𝑃 (𝑡𝑜𝑛𝑠𝑚3⁄) = Unit weight of the soil, determined through Appendix A. 

• 𝑒 (𝑑𝑖𝑚𝑒𝑛𝑡𝑖𝑜𝑛𝑙𝑒𝑠𝑠) = Porosity, the results of engineering-geological surveys 

• 𝑓𝑖 (𝑡𝑜𝑛𝑠𝑚2⁄) = Calculated resistance of the soil on the screw piles 

• 4.3, by taking the median value for all layers within the depth of the pile (above the thread). 

• 𝐼𝐿 (𝑑𝑖𝑚𝑒𝑛𝑡𝑖𝑜𝑛𝑙𝑒𝑠𝑠) = Flow index 







 Installation Torque – Results for “Kriner” screw pile 



Greenstick anchorage (screw part not showed) 



Efficiency Benefits of Greenstick piles 

 
• Vertical deployment: 

• No requirement to drill at angle 

• Smaller, lighter weight Greenstick may be used 

• Smaller drilling devices may be used 

• Speedier deployment 

• Rotating arm allows more flexibility to link to structure 

• Stability of structure: 

• Beneficial in shifting patterns of deposition of bed material 

• Potential reduction in scour protection methods 

• Angled Greenstick provides solid foundation 

• Substantially smaller dimensions required than conventional piles: 

• Lighter piles can be transported more easily 

• Energy efficiencies 

•Re-deployment 

•Re-use rather than new manufacture 

• Temporary structures often gain quicker Planning agreement 



Environmental Benefits of Greenstick piles 

 
• Less deoxygenation of water helps protect sea life 

• Screw piles rather than pile driven: 

• Less impact on the sea-bed 

• Reduced impact on sea mammals habitat 

• Removable, allowing the environment to recover 

• Damage limitation, particularly in flood defense projects 

• Smaller vessels used for deployment 

• Recyclable 



Financial Benefits of Greenstick piles 

 • Production costs: 

• Simple design, few complex parts, variety of materials may be 
used 

• Lighter weight, requiring less raw material 

• Transportation costs: 

• Lighter weight product 

• Deployment costs: 

• Smaller vessel required 

• Easier to deploy than conventional piles 

• Wastage costs: 

• Greenstick can be easily reclaimed and re-used 

• Environmental costs: 

• Less intrusive to marine environment 



Thank you for attention 


