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Summary 

[bookmark: _Hlk131689542]Guo [10,11] developed elastoplastic solutions for laterally loaded rigid piles. The solutions fall into the well-known p-y method category as they are formulated on a robust theoretical basis in which the soil is characterised as a series of non-linear unconnected springs, whose behaviors are simulated as bilinear elastic-perfect-plastic p-y curves. The solutions account for a uniform modulus of subgrade reaction with depth or a linear increasing modulus of subgrade reaction with depth. The ultimate lateral resistance is taken as increasing linearly with depth from zero at the ground level. Explicit expressions for the pile responses were derived in terms of the slip depths mobilized from the groundline and pile tip. The solutions enable nonlinear response of piles to be calculated from initial elastic state to the ultimate state. They are summarised and presented in Table A in this Appendix. The original publications should be referred to for the development and derivation of the solutions. They have been implemented into spreadsheet programs in Excel to estimate or back calculate the response of laterally loaded piles in this study. The key in the implementation of the solutions lies in the computation of the pile responses at pile-tip yield state. To illustrate the calculation, the back analysis of the Starfin Screw piles SF3 is presented in Table B and C for the constant k and Gibson k, respectively. 

Table A Solutions for Pre-tip and tip yield state 

	


 and

	



, , kd is the modulus of subgrade reaction, k is written as .     k=k0 for constant k (m=0), k=k0z for Gibson k (m=1),

	Gibson k (m=1)
	Constant k (m=0)

	
               (G-1)
	
                  (C-1)  

	
     (G-2)
	
       (C-2)                                                                                

	
    (G-3)
	
   (C-3)  

	

     ()              (G-4)



                     ()                             (G-5)
	

   ()   (C-4)  



()                        (C-5)  

	

    ()               (G-6)


 ()                                                   (G-7)
	

  ()     (C-6)  



()                                        (C-7)  

	At tip-yield state

	

(Solving numerically)                              (G-8)
	
 
(C-8)

	






Note: Tt, u, u0,, z, z0, zr, e and l are defined in Figure 9. zm is the depth of maximum bending moment Mm, is the slip depth at tip yield sate. ,,, . 






Table A (continued) Solutions for Post-tip yield and YRP states 

	      Gibson k (m = 1)                                                      Constant k (m = 0)

	

                                            


                                 


                                                 


                                                   
   ( j = 0,1)                                                                        ( j = 0,1)

	

                                                                                               

	

                                                                 

	

                                          

	



, or                                  , or 

	

                                                                    

	Yield at rotation point (YRP) (both k)

	


	

 , , C = 0

	


	


	


	


Note: , is the value of C at the tip yield state at which .
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Table B Computation of pile responses at tip yield state for constant k 


	

Firstly, substituting  into equation (C-8) to calculate.

	

 = 0.5193                                           (C-8)

	


                                                                                                 (C-1)           

	


                                                                            (C-2)

	


                                                     (C-3)      

	


         ()       


As ,                                                                                                                                            (C-4)        

	



     ()                                                         (C-6) 

	






Using pile properties:m, m,  m, and the deduced parameters  kN/m3,  MN/m3, the pile responses were calculated as follows. The pile response at pre tip yield state is calculated by increasing from 0 to .

	

 = 0.779 m, Tt = 5.24 kN, u0  = 44.7 mm,  = -2.5°, zm = 0.295 m, and Mm= 29.6 kNm, 


M0 = Tt×e = 28.5 kNm, and m. .



Table B (continued) Computation of pile responses at post tip yield state for constant k 


	


Note: at post tip yield state , , where Cy is the value of C at the tip yield state at which . 

To illustrate the calculation at a given post tip yield state, for instance, , it follows

	
   It is obtained numerically by solving the equation below 

                               .                                                                                           (C-9) †

	

   ,   

	


,     ,                                                                       

	


Ultimately, at Yield at rotation point (YRP)    , , 

	
 can be obtained as 0.7228, numerically from Eq. (C-9) with C = 0.

	


,     ,  

	






Using pile properties:m, m,  m, and the deduced parameters  kN/m3,  MN/m3, the ultimate pile response is calculated:  =1.084 m, Tt = 6.07 kN, u0  = ∞ mm,  = 90°, zm = 0.318 m, Mm = 34.4 kNm, M0  = Tt×e = 33.1 kNm, and zr  = 1.084 m.


                      † Eq. (C-9) can be found in Table 6 of Guo [10]. 


Table C Computation of pile responses at tip yield state for Gibson k 


	

Firstly, substituting  into equation (G-8) to calculate. 

	

     Solving numerically, we can obtain                                                    (G-8)                                                                  

	


                                                                    (G-1)                                                                  

	


                                          (G-2)                                                                                               

	


                                       (G-3)          

	


          ()                                                                                                     (G-4) 


As ,          

	



   ()                                                              (G-6)

	






Using pile properties:m, m,  m, and the parameters  kN/m3,  MN/m4, the pile responses were calculated as follows. The pile response at pre tip yield state is calculated by increasing from 0 to .

	



 =0.594 m, Tt = 4.78 kN, u0  =31.9 mm,  = -1.75°, zm = 0.282 m, Mm = 26.9 kNm, M0  = Tt×e = 26.0 kNm, andm. .



Table C (continued) Computation of pile responses at post tip yield state for Gibson k 

	


Note: at post tip yield state , , where Cy is the value of C at the tip yield state at which . 

To illustrate the calculation at a given post tip yield state, for instance, , it follows

	
   It is obtained numerically by solving the equation below

                               .                                                                                                   (G-9) †

	

   ,   

	


,     ,                                                                          

	


Ultimately, at Yield at rotation point (YRP) , , 

	
 can be obtained numerically as 0.7228. Then the following calculation is the same as that of the constant k.  

	


,     ,  

	






Using pile properties:m, m,  m, and the deduced parameters  kN/m3,  MN/m4, the ultimate pile response is calculated:  =1.084 m, Tt = 6.07 kN, u0  = ∞ mm,  = 90°, zm = 0.318 m, Mm = 34.4 kNm, M0  = Tt×e = 33.1 kNm, and zr  = 1.084 m.


                † Eq. (G-9) is the Eq. (16) of Guo [10]. 
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