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AGENDA
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 What's Next
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WHY CREATE THIS STANDARD ?

e Not just for fun

e Conventional building codes are inadequate

— Codes developed by building designers with no understanding of
marine industry

— Expanding scope to specifically cover piers and wharves

— Refused to acknowledge existing industry practice
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ANCIENT HISTORY — PORT SEISMIC DESIGN

e Through 1980’s equivalent lateral force methods —
mostly AASHTO based (treated like bridges)

« Lateral force often specified, not calculated for each
project using R values, site factors, etc.

« Each major California port (POLA, POLB, POAK) set
their own criteria

— Port of Los Angeles — 1981 used V=0.12 W
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EARLY PORT PERFORMANCE-BASED DESIGN

 Two level force-based design

1994 Example from Port of Oakland
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LATE 1990's DESIGN
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RECENT PORT PERFORMANCE-BASED DESIGN

e California Ports and Oil Terminals
— POLA and POLB created their own criteria
— MOTEMS

* International Projects
— PIANC Guidelines

e Share a Common Approach
— Different performance at each earthquake level
« Little or no damage in small event
* No collapse and repairable in large event
— Deformation-based performance criteria



FIRST ATTEMPTED TO PLAY NICE WITH
CONVENTIONAL CODE COMMITTEES

e 2003 Subcommittee of marine engineers

e Too big of a change for the building industry
« Overwhelmingly rejected by code committee
* Led to ASCE venue for new standard

 Expected to be “easy” to start with POLA, POLB, and
MOTEMS and create a new ASCE Standard



WHAT ARE WE DOING THAT'S DIFFERENT?

 Emphasize geotechnical
— Kinematic and inertial

« Common pier/wharf structural configurations
— “lrregularities”
— Sloping foundations
— Battered piles
— Strong beam / weak column

* Code developers who work in the industry
— Incorporate lessons learned in ports



LESSONS LEARNED FOR PORTS

* Deaths are not common, even where “collapse” occurs

« Collapse not attributed to inertial loading
— Liquefaction induced ground deformation is key issue



1995 MANZANILLO, MEXICO EARTHQUAKE
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LESSONS LEARNED FOR PORTS

Deaths are not common

Collapse not attributed to inertial loading
— Liquefaction induced ground deformation is key issue

“Failure” is usually related to economic loss and
functionality
— Usually not a structural “collapse”



1999 TURKEY EARTHQUAKE “FAILURE”




1999 TURKEY EARTHQUAKE
FAILURE # COLLAPSE




LESSONS LEARNED FOR PORTS

e Deaths are not common

« Collapse not attributed to inertial loading
— Liquefaction induced ground deformation is key issue

e “Failure” is usually related to economic loss and
functionality
— Usually not a structural “collapse”
— Bigger concerns may not be structural



1999 TURKEY EARTHQUAKE




2004 INDONESIA EARTHQUAKE / TSUNAMI

02/03/2005




SCOPE OF DOCUMENT

Pile-supported piers and wharves
— Steel and concrete
— Timber not covered

Document doesn’t cover bulkheads
— Practical limitation for this edition
— Will be in the 29 Edition

Excludes those with public access, such as cruise
terminals
— Needed to not be in conflict with ASCE 7

Excludes LNG terminals, offshore platforms, other
special structures

19



No Conflict with ASCE 7

15.5.6 Piers and Wharves

43.5.6.1 General

Piers and wharves are structures located in
waterfront areas that project into a body of water or
that parallel the shoreline,

45.5.6.2 Design Rasis
In addition to the requirements of Section 15.5.1,

piers and wharves that are acceszible 1o the general

public, such as cruise ship terminals and piers with
retail or commercial offhces or restaurants, shall be
designed to comply with this standard. Prers and
wharves that are not accessible to the general public
are beyond the scope of this section.
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OVERARCHING PHILOSOPHY

« Specifically include performance-based design
— Multi-level earthquakes

* Encourage displacement-based design

 Still allow force-based design
— Low seismicity
— Governed by other lateral loads
— Conservatively designed
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OVERARCHING PHILOSOPHY

Fill gaps of conventional building codes
— Geotech not decoupled from structural

— Design for large ground deformations
* Not require them to be eliminated

« Specify detailing for marine construction
— Strong beam / weak column

« Consistent with latest industry practice

 Use work done by Ports of LAand LB, MOTEMS, and
others
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DESIGN APPROACH IN DOCUMENT

1. Define Design Classification structUra,

2. Based on Design Classification, determine performance
levels and hazard levels

3. Determine design method (displacement-based and/or
force-based)

4. Define ground motions

5. Determine soil/structure modeling parameters (p-y and t-z
springs) G
6. Determine other geotechnical loads eotGCh
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DESIGN APPROACH IN DOCUMENT (CONT.)

7. Develop structural model with general modeling
considerations

8. Calculate structural demands strUCtu ra ,
9. Calculate structural capacity
10. Design connection detalls

11. Design ancillary components Stru
CtUra, /

MGCham-Ca,
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PERFORMANCE CRITERIA

Design
Classification

Seismic Hazard Level and Performance Level

Operating Level Earthquake (OLE)

Contingency Level Earthquake

(CLE)

Design Earthquake
(DE)

Ground Motion

Ground Motion

Probability of Performance Probability of Performance | Seismic Hazard | Performance
Level Level Level Level
Exceedance Exceedance
o - o - H
50% in 50 years 10% in 50 years Controlled and Design _
High Minimal Dam Repairable Earthquake Life-Safety
g (72-year return al bamage (475-year return Dp ' per Protection
period) period) amage ASCE 7-05
o/ 3 i
20% in 50 years Controlled and Design .
Moderate n/a n/a Repairable Earthquake | Life-Safety
(224-year return Damage per Protection
period) g ASCE 7-05
Design
Earthquake Life-Safety
Low n/a n/a n/a n/a per Protection
ASCE 7-05
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WHY ASCE 7-05 ?

« ASCE 7-10 was not adopted yet at the time the bulk of
our document was complete

* “Risk-based” ground motions were not understood, and
were developed based on universal building fragilities

« ASCE 7-10 made a major change to the liquefaction
assessment requirements
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ASCE 7-05vs. 7-10

11.8.3 Additional Geotechnical Investigation Report Re-
quirements for Seismic Design Categories D through F. The
geotechnical investigation report for a structure assigned to Seis-
mic Design Category D, E, or F shall include:

|. The determination of lateral pressures on basement and re-
taining walls due to earthquake motions.

2. The potential for liquefaction and soil LJn.engl]'l 1:_155 Eval—
vated for site peak ground accelerations, nagrades—and
source characteristics consistent with thé
ground motions. Peak ground acceleration -
be determined based on a site-specific study taking into ac-
count soil amplification effects or, in the absence of such a
study, peak ground accelerations shall be assumed equal to
Ss5/2.5.

ASCE 7-05

ASCE 7-10

11.8.3 Additional Geotechnical Investigation
Report Requirements for Seismic Design
Categories D through F

The geotechnical investigation report for a
structure assigned to Seismic Design Category
D, E, or F shall include all of the following, as
applicable:

1. The determination of dynamic seismic lateral earth
pressures on basement and retaining walls due to
design earthquake ground motions.

2. The potential for liquefaction and soil strength loss
evaluated for site peak ground acceleration,
earthquake magnitude—~and source characteristics
consistent with ak ground accelera-
tion. Peak ground meeeteration shall be determined
based on either (1) a site-specific study taking into
account soil amplification effects as specified in




STRAIN LIMITS - EACH PERFORMANCE LEVEL

Table 3.1 Strain limits for “Minimal damage”

Hinge Location

Pile T C t
e omponen Top of pile In-ground Deep in-ground
( potp g (>10D,)
Concrete e <0.005 e <0.005 e <0.008
Solid Concrete Pile Reinforcing Steel e, <0.015

Prestressing Steel e _<0.015 p<0.
Concrete e <0.004 ‘ e.<0.004 e <0.004

4
Hollow Concrete Pile® Reinforcing Steel e, <0.015 \/

Prestressing Steel e, <0.015 e, <0.015

Steel Pipe e, <0.010 e, <0.010
Steel Pipe Pile Concrete e <0.010
Reinforcing Steel e <0.015

28
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I TESTS AT UNIVERSITY OF WASHINGTON




TESTS AT UNIVERSITY OF WASHINGTON

1.75 % Drift

9% Drift
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http://www.nees.org/

DAMAGE LEVELS

Minimal Damage Controlled and Repairable Life Safety Protection
OLE Damage DE
CLE

Initial cracking and spalling of | Substantial spalling of the pile Broken connection from
the pile and/or deck exposing the spiral or either spalling into the
substantial spalling in the deck core, fractured dowel
to the depth of the embedded bars or buckled strand.

pile or that exposed the deck
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GEOTECHNICAL DESIGN

e Long term static F.S.> 1.5
 Post earthquake F.S. > 1.1

e Pseudo-static slope stability
— IfE.S. > 1.1, no further evaluation
— IfF.S. < 1.1, evaluate deformations and structure

e Evaluate inertial and kinematic loads
— Not a consensus on how and when to combine them

e Develop upper- and lower-bound solil springs
« Bulkheads to be added next edition
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FORCE-BASED STRUCTURAL DESIGN

Methods of ASCE 7-05

R values limited
— Wanted to make force-based design more conservative

But,

Removed some conservatisms from ASCE 7
— Atrtificial period limitations
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DISPLACEMENT-BASED STRUCTURAL DESIGN

Not intended to be simple
— Design for service loads already done
— Preliminary design done for basic pile layout using simpler methods

Modelling considerations

Capacity analysis
— Pushover or time history

Demand analysis
— Pushover, response spectrum, or time history
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EFFECTIVE STIFFNESS - PUSHOVER MODEL
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DETAILING

« Several types of connections specifically allowed

« Tried to capture common connection details used in
practice throughout US

* Recognized that not everything can be covered

e Guidance in Commentary for predicting behavior when
testing data not sufficient
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PRESTRESSED CONCRETE PILE
CONNECTIONS

Relative size and location of plastic
hinges shown for comparison
Concrete
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STEEL PIPE PILE CONNECTIONS

Relative size and location of plastic
hinge shown for comparison

Dowels /—

1L ][

r{____ F\%,

Deck

. -_— o
Embedded Concrete Isolated Welded Welded
Pile Plug Shell Embed Dowels
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MOMENT CURVATURE — METHOD A (SPALLING)

Actual Moment-
A Strength taken at Curvature Path
( £ =0.004 /
LMP ''''' == “-___.-"" \
M. Idealized Moment-
= ! Curvature Path
QE) First Yield or
< £,=0.002
‘?’SW é’r‘ ¢"m t"ﬁ”

Curvature



MOMENT CURVATURE — METHOD B (NO SPALLING)

Moment

A Idealized Moment-Curvature Path
f Cectss Y(\“\XN-\\\-\RQ\

TR

Actual Moment-

__________ Equal Areas Curvature Path
First Yield or
£.=0.002
(ﬁ_w' ¢1 qﬁ??f ¢rf
Curvature
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DOCUMENT STYLE

Mandatory code language in the Provisions
Written for experienced engineers, not as a cookbook
Lots of figures where we felt it was necessary

Substantial commentary
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I PILE TO DECK CONNECTION TERMINOLOGY

Deck (reinforcement not shown)
f f Joint
(
I
I
I
\

| Strain penetration
each side of
interface

Plastic hinge
length (L)

Interface

Pile —— Dowel
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COMMENTARY: PARTIAL VS FULL MOMENT
CONNECTIONS

* Full — Interface has same strength as body of pile
« Partial — Underreinforced at interface

Deck
\ Strain
penetration

—=% |~ Large Crushing —j' =1 k Prvi
—— crackat spalls —_— ry'ng
— interface = spa

e =——H | Spiral

7 pile ===



OTHER ISSUES: BATTER PILES

Deck free to

A
rotate X Deflected shape of deck
"_f |« ’/7 due to compatibility
, i ﬂh 2
)
‘ Ay

Compression
batter pile
‘pole vaults’

\ |

“TI—‘f'leIding fuse

on tension pile
I

|

Unrestrained Deck Restrained Deck
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OTHER ISSUES: BASE ISOLATION

/Deck / |Isolator
—

Mudline - Substructure

Pile \
N\
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LAST BUT NOT LEAST:
ANCILLARY STRUCTURES

« Specifically covered 3 main items:

— Pipelines
— Cranes
— Marine Loading Arms
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MARINE LOADING ARMS

Countenrsedgt .

ASEEMEN Heel Joint Apex Joinl
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Cutboard Am
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WHAT'S NEXT ?

e ASCE 61-19
 Bulkheads

* Revisit ground motions

e Fun starts again November 6 !!!



SPECIAL THANKS

e Nate Lemme
e Bob Harn
e Cheng Lai/ POLB

e Our friends from ASCE 7
(for their hundreds of “helpful” Public Comments)
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