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INTRODUCTION

Modeling of pile bents
Numerous analysis methods
Results can vary greatly

depending on analysis model

Primary difficulty is
accurately capturing solil-
structure interaction (SSI)

Isthe model shown here
reasonable?

Soil Supported Bent Height

Reinforced Concrete
Cap (Unrestrained)

Steel Pile
(Typ.)

/N /\ /\

Pinned Support for Bearing on Rock,
Vertical Soil Spring Otherwise (Typ.)

Boundary Conditions




SCOPE AND MOTIVATION

Provide pile bent analysisand design example

Previous efforts have identified two primary parameters of interest:
Battering ofexterior piles
Soil-structure interaction

Single analysisand 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 ofall cases
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INTRODUCTION

How should soill-structure interaction be modeled?

Afewexamplesare:
Nonlinear horizontal soil springs. Friction along pile length

and vertical spring at tip provide axial capacity.
_inear horizontal soil springs with fixed vertical support at tip
Depth to fixity with sidesway included

Depth to fixity with the assumption that battered piles
provide lateral bracing

Combinations of the above assumptions
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MODEL OVERVIEW AND ASSUMP TIONS

FB-MultiPier -- Two Scenarios
Case 1: Allvertical piles

Case 2: Exterior pilesare battered

Nonlinear horizontal soil springs, side friction and axial spring at tip provide
connection to external world for both cases.

GT STRUDL--Three Scenarlios

Case 1: All vertical piles with horizontal soil springs

Horizontal subgrade modulus assumed to be linear
60 pcialong top three feet
125 pcialong remainder

Case 2: Depth to fixity assumption with all vertical biles
Case 3: Depth to fixity assumption with exterior piles battered




MODEL OVERVIEW AND ASSUMP TIONS

Bassett Creek Bridge: Equivalent Pile Length for Bent Design
Project: 2019 Preconstruction Conference Client: ALDOT Sheet 1/1

Basic Pile Length

Top of Pile Elev. (ft) 177.353
Existing Finished Grade Elev. Al Bent 4 (ft) 173.800
Pile Length to Existing Grade (ft) 3.553
Design Scour (ft) 20.000
Pile Length to Bearing Strata (1) 23.553

Depth to Fixity

Modulus of Horiz. Subgrade Reaction (kcf)
Longitudinal Direction (Strong Axis):
Ix (in4)

E (ksi)

Depth to Fixity, D ()

Transverse Direction (Weak Axis):
ly (ind)

E (ksi)

Depth to Fixity, D ()

Design Depth to Fixity, D (f)

Notes:
1) Depth to Fixity, D = 1.8(EI/(N"144) .2, where N is the modulus of horizontal subgrade reaction.

Edquivalent Pile Length

Pile Length to Bearing Strata (1)
Design Depth to Fixity (ft)

Combined Length (ft)

Equivalent Pile Length for Design [ft)
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MODEL OVERVIEW AND ASSUMP TIONS

Horizontal soll
springs placed at
247 0.c.along
embedded length

Gap element at the
bent cap allows
1.5” displacement
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MODEL OVERVIEW AND ASSUMP TIONS

Single wheel
line reaction
at bent

Li Ve LO a d Rrruck=4(40—-14)/40=2.6 KIPS

Ruane=0.32(40)(20)/40=6.4 KIPS

con d |'t 10N fo I REACTION FROM RIGHT SPAN (SUM MOMENTS ABOUT R3): NOTE: BOXED AREAS REPRESENT THE 10 FOOT WIDTH OF EACH
DESIGN VEHICULAR LIVE LOAD AS SPECIFIED BY THE AASHTO
Rrruck=16(40—14)/40=10.4 KIPS LRFD SPECIFICATIONS, ARTICLE 3.6.1.2.1.

a. I I m O d e IS Rune=0.32(40)(20)/40=6.4 KIPS REACTIONS:

REACTION COMPONENTS AT R2: R1 = 0 KIPS

Rrruck=2.6+16+10.4=29 KIPS R2 = 51.4(2)/8 = 12.85 KIPS

Rag=04+04=12.8 1FS R3 = 51.4(6+4)/8 = 64.25 KIPS
FACTOR (APP
R4 = 51.4(4+8+2)/8 = 89.95 KIPS
| = 14(33/100) = 1.33
RS = 51.4(6+6)/8 = 77.1 KIPS
JRUCK REACTION AT R2 WITH IMPACT:
R6 = 51.4(2+8)/8 = 64.25 KIPS
Rreucksi=29(1.33)=38.6 KIPS
TOTAL LIVE LOAD REACTION AT R2:
RTOTN.=R{.ME+RTRUCK+I= 12.8+38.6=51.4 KIPS

SINGLE WHEEL LINE REACTION AT BENT (HL—93 LL3 (THREE LOADED LANES, FAR RIGHT
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RESULTS

15independent load cases
38 load combinations
Results for five load combinations

provided for each scenario
Service | (SR120)
Strength 1 (ST130)
Extreme Event Il (EE220)
Strength 111 (ST300)
Strength V (ST520)

LOAD COMBITNATIONS

STRENGTH I

ST100
STIIO
ST120

ST140
50

ST180
ST190

STRENGTH V

ST500
ST510

SR100
SR110

SR130
SR140
SR150
SE1
SR1

135 'LLﬂ+BRI
1.35(LL6+BR)
L3S(LL7+BR)

BR

BR
BR
BR
BR
BR
BR

WA
WA

WA

WA
WA
WA
WA
WA

WA
WA

Wa
WA
WA
WA
Wa
Wa

0.AWS)
0.4(WS}

0.4(WS

0. 4(w
04 nwa:

0.4(WS)
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DEFORMED STRUCTURE DUE TO LOAD SR120

Displacements at Secticns

Load SR120

6.5 4 5 8 =R INCH LBS
1.066E+00
—3.081E-02
1.328E+00




RESULTS SUMMARY

Lateral Cap Displacement (Inches

I - e I e I T—
| sm20 | 0 146 | o006 | 128 | = 128 | = 009 |

Maximum Pile Axial Force (kips)

Software GT STRUDL
Modeling Assumptions Linear Soil Springs Point of Fixity (Battered)
Load I Y
ST130 249.5
ST300 119.2
ST520 193.8

EE220 116.5 117.5 121.1 123.3 123.6
SR120 142.4 139.3 144.4 147.9 148.5




RESULTS SUMMARY
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PRELIMINARY CONCLUSIONS

Variability in the design demands, both displacement and forces,
dependsonthe selection ofsoil-pile interaction modeling

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

Representsasingle case with a snapshot ofload combinations that
should be explored furtherto identify the best processto analyze and
design the pilesand bents
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