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(a)  Elastic  Behaviour 

(b)  Failure envelope 

(c)  Plastic  Flow  Rule 

(d)  Hardening  Rule 
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Basic  Components  of  Macroelement 
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Brom’s  Theory  Revisited 
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Winkler Model Winkler Model

Winkler Model Analytical Expression

Homogeneous  Cohesive  Soil 

Winkler,  Δz = 0.1 m 

Analytical  Expression  

Winkler,  Δz = 0.25 m 

Winkler,  Δz = 1.0 m 

Winkler  Modeling  (Δz = 0.3 m) 
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Cohesive Soils 3D with Gap Analytical Expression

Interface Nonlinearities 

Analytical  Expression 
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Cohesive Soil 3D Analytical Expression

Full Bonding conditions 
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Analytical  Expression 

Homogeneous  Cohesive  Soil 

3D  FE  Modeling  (Δz = 0.3 m) 
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Failure  Mechanisms  and  Plastic  Flow  Rule 
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Pile  Section 2.8 cm 3 cm 

 

 
Experimental  Setup 

Force 

60 cm 

Displacement   transducer  DT3 

Displacement   transducer  DT2 

Displacement   transducer  DT1 

3 cm 

Longstone Sand 

Dr = 94 % 
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Experimental  Setup 



 

 
Lateral  Push-over  Test  of  a  Single  Pile 
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Plastic  Flow  Rule 



  
Fiber Analysis 

Proposed fit 

FEM  (PLAXIS) 
D = 1m, As = 2% D = 1.5m,  As = 1% 

  
Fiber Analysis 

 FEM (PLAXIS) 

D = 1m,  As = 1.5% 
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Constitutive   Model   for  M-N  Interaction  of  RC Piles  
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3D Failure Envelope  for  Single  Piles 
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Theory  +  Associative Flow Rule 
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Fsv = ∞, pure shear force 

Fsv = ∞  θ = -75ο Fsv =  -1.25  

Fsv = ∞, pure shear force 

 

 
Validation   

FEM 

MACROELEMENT 



5m 

5m 

3m 

3m 

5m 

S = 3m 
1.5m 

Φ100 

 

 
 Lateral capacity of Pile-Groups :  FE  Modeling 
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Failure Envelopes for PileGroups:  Validation 
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Failure Envelopes for PileGroups  in  3D 
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Below Cap Plastic  Hinges  +  
Bearing Capacity failure  

Pile-to-Cap  Plastic  Hinges  +  

Bearing Capacity failure  

Plastic  Hinges 

 

 
Failure  Modes  of  Pilegroups 
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