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INTRODUCTION

Modeling of p ile  bents
Numerous analysis methods
Results can vary great ly 

depending on analysis model
 Primary d ifficulty is 

accurately cap turing soil-
st ructure interact ion (SSI)
 Is the model shown here 

reasonable?



 Provide pile bent analysis and design example
 Previous efforts have identified two primary parameters of interest:
 Battering of exterior piles
 Soil-structure interaction

 Single analysis and design example to highlight the process with a focus 
on evaluating the two primary parameters in question

 Presented results are selected based on a snapshot of certain load cases 
and may not represent an in-depth evaluation of all cases

SCOPE AND MOTIVATION
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How should  soil-st ructure interact ion be modeled?
 A few examples are:
 Nonlinear horizonta l soil springs.  Frict ion a long p ile  length 

and vert ica l spring at  t ip  provide axia l capacity.
 Linear horizonta l soil springs with fixed  vert ica l support  at  t ip
 Depth to fixity with sidesway included
 Depth to fixity with the assumpt ion  that  bat tered  p iles 

provide latera l bracing
 Combinat ions of the above assumpt ions 

INTRODUCTION



 The goal of this presentat ion is to provide a  comparison between 
severa l modeling approaches.

 Plans for the bridge rep lacement  on SR-14 over Blubber Creek 
(Pickens County) were recent ly completed.  The following data  from 
this project  were used  in  our analyses:
 Roadway and  Site  Geometry
 Geotechnica l
 Hydraulic
 Scour
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MODEL OVERVIEW AND ASSUMPTIONS

 FB-Mult iPier -- Two Scenarios
 Case 1:  All vert ica l p iles
 Case 2:  Exterior p iles are bat tered
 Nonlinear horizonta l soil springs, side frict ion and  axia l spring at  t ip  provide 

connect ion to external world  for both cases.

 GT STRUDL -- Three Scenarios
 Case 1:  All vert ica l p iles with horizonta l soil springs
 Horizonta l subgrade modulus assumed to be linear
 60 pci a long top  three feet
 125 pci a long remainder

 Case 2:  Depth to fixity assumpt ion with a ll vert ica l b iles
 Case 3:  Depth to fixity assumpt ion with exterior p iles bat tered



MODEL OVERVIEW AND ASSUMPTIONS



MODEL OVERVIEW AND ASSUMPTIONS

 Piles
 Displacements in  p lane of bent  

causes weak axis bending in  p iles
 Total scour of 20 feet
 Stream velocity is 4.9 fps
 Longitudinal braking force, BR 

is resisted  ent irely by this bent  
unt il deck joint  closes

 Three t raffic lanes 



MODEL OVERVIEW AND ASSUMPTIONS

 Horizonta l soil 
springs p laced  at  
24” o.c. a long 
embedded length

 Gap element  at  the 
bent  cap  a llows 
1.5” d isp lacement  
at  cap



MODEL OVERVIEW AND ASSUMPTIONS

 Single wheel 
line react ion 
at  bent

 Live Load 
condit ion for 
a ll models



MODEL OVERVIEW AND ASSUMPTIONS

Live Load (Three Trucks, Far Right) Wind on Structure



 15 independent  load  cases
 38 load  combinat ions
 Results for five load  combinat ions 

provided  for each scenario:
 Service I (SR120)
 Strength I (ST130)
 Extreme Event  II (EE220)
 Strength III (ST300)
 Strength V (ST520)

RESULTS







DEFORMED STRUCTURE DUE TO LOAD SR120



RESULTS SUMMARY

Software
Modeling Assumptions Nonlinear Soil Springs Nonl. Soil Spring (Batt.) Linear Soil Springs Point of Fixity Point of Fixity (Battered)

Load
ST130 0.53 0.87 0.36 0.33 0.56
ST300 2.42 1.41 2.09 2.11 1.10
ST520 1.46 0.06 1.28 1.28 0.09
EE220 0.25 0.08 0.29 0.28 0.04
SR120 1.11 0.15 1.07 1.07 0.15

GT STRUDLFB-MultiPier
Lateral Cap Displacement (Inches)

Software
Modeling Assumptions Nonlinear Soil Springs Nonl. Soil Spring (Batt.) Linear Soil Springs Point of Fixity Point of Fixity (Battered)

Load
ST130 209.6 208.7 219.2 227.4 249.5
ST300 88.2 104.7 89.7 90.7 119.2
ST520 182.6 179.9 188.4 193.2 193.8
EE220 116.5 117.5 121.1 123.3 123.6
SR120 142.4 139.3 144.4 147.9 148.5

GT STRUDLFB-MultiPier
Maximum Pile Axial Force (kips)



RESULTS SUMMARY

Software
Modeling Assumptions Nonlinear Soil Springs Nonl. Soil Spring (Batt.) Linear Soil Springs Point of Fixity Point of Fixity (Battered)

Load
ST130 14.5 51.5 11.3 13.5 28.4
ST300 69.6 49.1 64.7 77.6 49.0
ST520 42.8 14.1 40.2 45.9 6.7
EE220 7.2 8.7 7.9 11.6 5.7
SR120 34.3 5.7 33.2 38.6 8.8

Maximum Weak Axis Pile Bending (ft-kips)
FB-MultiPier GT STRUDL

Software
Modeling Assumptions Nonlinear Soil Springs Nonl. Soil Spring (Batt.) Linear Soil Springs Point of Fixity Point of Fixity (Battered)

Load
ST130 267.1 287.6 117.4 71.8 125.0
ST300 113.0 266.9 104.3 94.4 339.7
ST520 197.6 202.7 108.3 73.0 84.4
EE220 56.6 57.5 31.0 20.2 14.1
SR120 132.0 128.7 81.2 55.3 81.6

FB-MultiPier GT STRUDL
Maximum Cap Bending Moment (ft-kips)



 Variability in the design demands , both displacement and forces, 
depends on the selection of soil-pile interaction modeling

 For the GT-STRUDL (Structural) analysis model battering the piles 
resulted in an increase in the axial pile demands

 Represents a single case with a snapshot of load combinations that 
should be explored further to identify the best process to analyze and 
design the piles and bents

PRELIMINARY CONCLUSIONS
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