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Objective & Motivation

m Many US port facilities located in highly seismic regions

m Responsible for the daily transfer of $ 5.5 billion of goods

m Current design susceptible to damage with small
deformations

m Develop ductile system and less susceptible to damage

University of Washingto|

w 2% probability of exceedence (USGS 2008) Port of Oakland damage {Serventi, 199@)
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m Recent emphasis on pile-to-wharf connections
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m Tested 16 connection specimens
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m Tested 16 connection specimens
m Specimen 9 current detail

Deck

Grouted T-headed Bar
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m Tested 16 connection specimens

m Specimen 9 current detail
m Specimen 15 & 16 improved controlled rocking detail

Deck Deck

A-A

Debonded Regm\

CERAMAR flexible

Ssarson o~ = aon

[N—"Annular Bearing Pad
pu/ Pn/

Grouted T-headed Bar Grouted T-headed Bar
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m Recent emphasis on pile-to-wharf connections

m Tested 16 connection specimens

m Specimen 9 current detail

m Specimen 15 & 16 improved controlled rocking detail

Deck Deck
A-A A-A
- -

Debonded Regm\

CERAMAR flexible.

expansion material
» — = A-A

[N—— Annular Bearing Pad
PHE/ PIIE/

Grouted T-headed Bar

m Developed connection design procedure

Grouted T-headed Bar
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m Pile

m 24 in octagonal, precast, iﬂ Load
prestressed concrete piles
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Damage state

Specimen 9

Specimen 15

Specimen 16

Minor Pile Spalling

Substantial Pile Spalling

The values provided are percentage radians rotation at the assumed inflection point
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Damage state

Specimen 9

Specimen 15

Specimen 16

Minor Pile Spalling
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Substantial Pile Spalling 3.9%

The values provided are percentage radians rotation at the assumed inflection point
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Test Specimens

Analytical IIl‘:‘x:\‘;l(i‘g{)\t(i:.]\l Test Results
i [est Results
:;i Damage state Specimen 9 | Specimen 15 | Specimen 16
2 Minor Pile Spalling 1.4% 5.5%
> Substantial Pile Spalling 3.9% 7.4%

The values provided are percentage radians rotation at the assumed inflection point
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i [est Results
:;i Damage state Specimen 9 | Specimen 15 | Specimen 16
2 Minor Pile Spalling 1.4% 5.5% 5.4%
> Substantial Pile Spalling 3.9% 7.4% 6.4%

The values provided are percentage radians rotation at the assumed inflection point
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Damage state

Specimen 9

Specimen 15

Specimen 16

Minor Pile Spalling

1.4%

5.5%

5.4%

Substantial Pile Spalling

3.9%

7.4%

6.4%

The values provided are percentage radians rotation at the assumed inflection point

w Specimen 9 2.5% rotation
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Damage state

Specimen 9

Specimen 15

Specimen 16

Minor Pile Spalling

1.4%

5.5%

5.4%

Substantial Pile Spalling

3.9%

7.4%

6.4%

The values provided are percentage radians rotation at the assumed inflection point

w Specimen 9 5.5% rotation

Specimen 15 5.5% rotation
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Objective

Using OpenSees as the analysis platform and GiD as the
postprocessor ...
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m Model a reference wharf facility and evaluate the response
with varying connection types
m Model structure
m Model soil-pile interaction
m Model soil continuum
m Compare wharf response with varying connections
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m Port of Oakland - Berth 55/56
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Simulated Facility
m Port of Oakland - Berth 55/56

m Reinforced concrete deck supported by 24 in octagonal
prestress concrete piles w/ conventional dowel connections
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Simulated Facility

m Port of Oakland - Berth 55/56
m Reinforced concrete deck supported by 24 in octagonal
prestress concrete piles w/ conventional dowel connections
m Assumed typical bay soil profile
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. Dry Rock Fill

. Submerged Rock Fill
B soft to Medium Siift Clay (Young Bay Mud)

. Medium Dense Clayey Sand (Young Bay Deposit and San Antonio Formation)

. Dense to Very Dense Sand (San Antonio Formation)
D Stiff to Hard Clay (Old Bay Mud)
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m Developed pile model & validated against fifteen tests
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m Developed pile model & validated against fifteen tests

m Developed connection model & validated against four tests
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m Developed pile model & validated against fifteen tests

m Developed connection model & validated against four tests
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m Developed pile model & validated against fifteen tests
m Developed connection model & validated against four tests

m Implemented within the port model
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m Pile-soil interaction through use of uniaxial springs
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m Pile-soil interaction through use of uniaxial py springs
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m Free field wave propagation and lateral movement

Free field column

Free field column
\‘k EqualDOF T

EqualDOF
LiﬁEvsAbasezuI T
§—E O "0 "0 "0 "0 x W DR DTN T e NN e e NN e) 0]




=
=)
=
7]
-
k]
2
o
>
=
=]

Soil

Objective & Motivation
Experimental Program
Analytical Investigation
Future Work

Objective
Simulated Facility
The Structure

The Soil

Analyses & Results

m Pile-soil interaction through use of uniaxial py springs

m Free field wave propagation and lateral movement
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m Static pushovers
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Diagrom of Gauss Pont Fore, 2-Gauss Point Force factor0.02.
1 (x10) Nocl Dispcomerts of Losding Analyse, 5o 440
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m Dynamic time hystories

m Selected suite of thirteen ground motions
m Scaled ground motions to 2%, 5%, and 10% P.E. in 50 yrs
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Future Work

m Complete suite of motions & analysis

University of Washi

m Probabilistic analysis of crane response ( Kosbab & Jacobs 2010)

m Final report
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Future Work

m Complete suite of motions & analysis

University of Washi

m Probabilistic analysis of crane response ( Kosbab & Jacobs 2010)
m Final report

m Evaluate wharf response with large displacements -
liquefiable layers

m Evaluate alternate systems
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THANK YOU!
QUESTIONS?

Click for movie

Maurizio Chiaramonte
mmc86@Quw.edu
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