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Tentative Schedule for Dec. Kickoff Meeting  (11-30-08)
When: Dec 4, 5 & 8- to be finalized next week

Where: Gainesville - FDOT will supply vans and meeting room for one day

Contact person in Wm's office: Linda Ryan (Linda.ryan@dot.state.fl.us)

Dec 4 — Team meeling

1:30 - 5:30 PT Meets

Scope adjustments

Discussion of K and W methods

Other candidates?

Basis for a choice

Further define roles and responsibilities

¢ = = o

Dec 5 ~Joint Meeting

8:30 -12 Combined meeting

s Infroductions
Review of minutes from last meeting C e
Presentation on Risk Analysis by Steve Emstof FHWA =77 #77 /1 o e
Intro to wave tank visit - Max
How does project fit in big picture? What is already available?
What other work is underway at state and federal level?

Philosophy

. ® » * 5

12 -1 Lunch
1PM feave for U of F wave tank
3:30 Return to meeting
« Review of progress on related FDOT projects.- Max and Dennis
s Task Force presentations
= ProgressonTasks 2,3, 4and 6
o Status of Lit Survey and Damage Typés — JMK
Wave loads - JMK, Max, Jeff
Retrofit concepts — Wagdy
Possible basis for design cases — Jeff and all
Cost effectiveness memo by Mike Knott — reported by Jeff

c O 090

5:00 Adjourn
Dec 6

8-4:30 Meet with TF
» Continue progress on Tasks 2,3 and 4 - continued

» TF feed back and direction

¢« Scope/Work Plan

s Expectations

+ Products

+ Set date for next combined meeting



Minutes from the
. October 20, 2006
Teleconference / Meeting
To discuss work plan for contract
DTFH61-06-T-70006

.The meeting was opened by taking roll call. In attendance were:

Wave Vulnerability Task Force

William N. Nickas (FDOT)

Mitchell K. Carr (MDOT)

Greg R. Perfetti (NCDOT)

Rick Renna (FDOT)

David R. Henderson (NCDOT)

Kevin Flora (CALTRANS)

Tom Everett (FHWA)

Kornel Kerenyi (FHWA)

Firas Ihrahim (FHWA)

{Tony) Robert A, Dalrymple, Johns Hopkins University
David L. Kriebel, Department of Naval Architecture & Ocean Engineering
Spencer Rogers, North Carolina SeaGrant

Contractors

John Kulicki (M&M)
Wagdy Wassef (M&M)
Max Sheppard (OEA)

Jim Withiam (DD’ Appolonia)
Jeff Sheldon (M&N)
Dennis Mertz (Mertz)

The first item discussed was the review of the proposed work plan. John Kulicki chaired
the discussion on the work plan. '

Technical Approach:

The Contractor points out that the focus of this study will be typical prestressed concrete
and steel multi-girder bridges and slab bridges. The guidance developed will be mainly
for fixed bridges. The loads developed can also be applied for variable deck girders. An
estimate of forces on pile groups and other substructure elements will be inciuded.
Tsunamis and damage from floating debris will not also be considered.

Task 1 ~ Kick off and Project Meetings:




The contractor discussed the expanded version of a kick off meeting early December,
with three objectives:
¢ Hold an intemal team meeting to determnine what information has been
assembled;
s+ Meet with the Task Force for 2 days to discuss our progress and remaining work.
¢ Visit the Dr. Sheppard’s wave tank tests at the University of Florida

The contractor will attend the project close-out meeting with the Task Force, and make a
presentation to 2007 and 2008 SCOBS meeting. Pooled fund states not on the task force

will be also-invited to the close-out meeting.

Task 2 — Review. Surnmarize. and Augment Literature:

The contractor is in the process conducting a literature review, and summarizing and
cataloging damages on bridges and structures resulting from coastal storm hydrodynamic
events, and will augment this work with additional data and information as required. A
request for information was sent to all of the coastal states and to a variety of other
agencies. The Project Team also decided to make personal contacts in order to expedite
collection of some of this information.

Back-calculating structural resistance from forensic data will be done mainly for I-10
across Escambia Bay and I-10 across Lake Pontchartrain because there have been
sufficient data already developed for these two bridges by team members MN and OEA.
Various failure modes will be analyzed and cataloged. Back-calculating forces from
observed structural movements will not be included. The damage reports do not include
details of horizontal and vertical deck movements. The contractor will also investigate
phasing between wind set-up and storm surge to analyze failure modes. Commonsense
engineering approach will be used to conduct these investigations.

Task 3 — Review and Supplement Ongoing Force Studies:

The contractor will focus on 3 wave prediction methods:
» Improved HR Wallingford wave force equation
e Modified Kaplan procedure developed by Max Sheppard
* Wave force equations developed by Scott Douglass

The slamming forces are included in all three methods. For the modified Kaplan
procedure slamming forces will be incorporated in the plots of non-dimensional
parameters. Phasing of quasi-static force and slamming forces was also discussed.

Task 4 — Compile and Catalog Retrofit Options

The contractor received the unpublished new Seismic Retrofit Manual from the FHWA
and reviews that for potential details of interest. The contractor was asked to compile a
retrofit option matrix including pros and cons for the meeting in December.



A discussion followed on using depth limited barriers on a bay bottom to break waves
and to reduce wave forces. To explore the idea reshaping the superstructure to gain less
drag and create more down-pull force will not be perused. Hold downs will be reviewed
critically as a retrofit option, because they tend to move and not solve the problem.
Elastic tie downs will not be considered.

Task 5 — Perform Analvytical Study of Retrofit Options

The contractor briefly discussed the goal of this task to put the more promising retrofit
options into a model and subject them to hindcast wave loads. The model will not include
a dynamic analysis. The model will also include tying simple supported spans together.

Task 6 — Develop a Guide Specification and a Retrofit Handbook for adoption by
AASHTO

Task 6a - Guide Specification

The contractor discussed the layout of the proposed guide specifications including a multi
level approach, prioritization and a screening technique. Max Sheppard will develop a
screening methodology similar to the FDOT screening model including a importance
characteristic, The prioritization depends on many factors such as security issues. The
task forces suggested including Steve Emst (FHWA) into this discussion. Various load
factors will be associated with different [evels of analysis. Level I one will be used in the
screening technique. _

A discussion on the issue of a national hazard map indicating wave forces and their
probability was conducted. The discussion also included the joint probability
wind/wave/surge analysis.

Task 6b - Retrofit Handbook

The outline of the retrofit hand book was attached to the work plan and most of the issues
discussed for the guide specifications apply for the retrofit handbook.

The second item discussed was Max Sheppard’s progress report including:

Wave Tank Tests and Data Analysis

e Acquired data from tests with deck only

¢ Theory compares well with experimental data

s Determined relationship between duration and magnitude of slamming force and
wave properties and structure elevation

s In process of adding slamming force to quasi-stationary force in equations

e Will be adding girders within two weeks and starting tests

Surge/Wave Vulnerability Screening, Loading Calculations Structure Response and
Retrofit .

Phase I - Screening



Initial screening completed

Phase II

Changes and improvements to screening procedure

Completed ail wave modeling

Extracted required bridge information for I-10 Escambia Bay Bridge

Extracted water elevation, and wave height/period information from hindcast solution
files for I-10 Escambia Bay during Hurricane Ivan

In position to test different predictive equations once Modifted Kaplan Equations are
ready

Joint Probability Analysis

Progress report distributed to team members and task force

Wind (hindcast) data from four significantly different hurricanes have been examined
and trends observed

Hurrican Ivan hindcast models being rerun to separate wind setup, and storm surge
and waves

o Examine phase as a function of location in bay system

Might run [van along a different path (probably not time for FDOT deadlines)

Most likely there is weak or no dependence of phase between storm surge and wind
setup.

Use Goda method for dealing with remaining service life of bridge??

December Meeting:

Tom Everett was asked to contact Steve Ernst to participate in the December Kickoff
Meeting in Gainesville, FL.



MODJESKIa=iMASTERS, INC.

Harrisburg, Pennsylvania
November 7, 2006

MEMORANDUM
TO: Modjeski and Masters, Inc.

RE: OCTOBER 20, 2006 MEETING MINUTES — DTFH61-08-T-70006 PN2560

‘A meeting on the above-captioned project was held on October 20, 2008, as joint in-
person and conference call meeting hosted at the National Academy’s Keck building. A
Wave Task Force roster is attached indicating those that were present at the meeting
and those who attended by telephone. One individual, Joseph Krolak, was not able to
participate. From the research team, Drs. Wassef, Mertz, Withiam, Sheppard, and
Kulicki attended (Wassef and Kulicki in person) as did Mr. Jeff Shelden. An agenda for
the meeting is attached.

ADMINISTRATIVE ITEMS

" Mr. Nickas advised the group that the December meeting in Gainsville will take place.
The Florida DOT will provide two 12-person vans o shuttle pecple back and forth from
the airport and back and forth to various sites during the meeting, Members of the Task
Force should make their arrangements through Linda Ryan at Florida DOT. Alf flights
by the Task Force Members must be made through the FHWA. Members of the Task
Force may select their own flights, but the actual ticket has to be arranged by the
FHWA. Advise Dr. Firas Ibrahim of flight requirements.

REVIEW OF WORK PLAN

Technical Approach

Regarding the Scope issues in the third paragraph of the Work Plan:

« it was decided that tsunamis would not be included.
Damage from floating debris would not be considered, but a reference to ASCE-7
and the Vessel Collision Specification could be placed in the commentary, as
well as in our report on the project.



MODJESK [ndMASTERS, INC.

Memorandum -2 - November 7, 2006

» The project will deal primarily with wave forces on beam siab bridges, including
buoyancy, and wave forces on the structural components of movable bridges, but
not on the electrical and mechanical features. _

s« Dr. Sheppard indicated that the procedures he is working on will work with
configurations other than prismatic beams and decks, but we will not have
experimental work on superstructure shapes other than prismatic beams and
decks.

+ Regarding wave forces on pile groups, Dr. Sheppard also advised that there is
refatively littie data and not much known about pile groups. A first cut
appreximation can be done with the understanding that more work will have to be
done in the future.

Task 1 — Meeating in September

The three objectives of the meeting in December, starting at the third paragraph of Task
1 in the Work Plan, were generally agreed upon. With respect {o the [ast paragraph
under Task 1, we should indicate that the project closecut meeting with the Task Force
may also include the pooled fund states.

Task 2 — Literature Survey, etc.

Regarding the discussion in the second paragraph, we should indicate that two distinct
actions were observed, depending on the particularifies of wave action at several sites.
In Mississippi, it was reported that some of the spans appeared to ratchet off the piers
indicating repetitive periods of vertical and horizontal forces. In some locations, it
appeared that the superstructures were displaced in more or less one movement.
Discussions also considered the span that was moved about 220 feet on the Bay
St. Louis Bridge in Mississippi primarily as a function of current. The Project Team
needs {o be cognizant of these separate actions and be sure that both are addressed.

it was also reported that 1-10 over Escambia Bay in Florida experienced a ratcheting
effect and that Mississippi Bridges may have been inundated for a longer period of time
allowing them to move in one movement. The peak current velocities at the US 80
bridges in Mississippl were much higher than those at the I-10 Escambia Bay bridges.

For the i-10 Escambia Bay bridges the peak storm water level was approximately at the
low member elevation whereas most of the spans on the US 80 bridges were
submerged. Vertical slamming forces occur when the low member elevation is above

the trough of the waves.

The Popps Ferry Bridge also appeared to have had the ratcheting movement. The
Pops Ferry Bridge runs North and South, whereas the US 90 Bridge, which suffered

major damage, spans East to West,

Mitch Carr confirmed that one of the rolling leaf bascule bridges had in fact been shifted
on the track and that a bascule pier had been cracked.



MODJESK [=eMASTERS, INC.

Memorandum -3- November 7, 2006

The Project Team has been combining its literature survey into a list of resources
collected with an indication of who had been reading them and a place to add some
comments about important aspects found in the various reviews. An in-progress copy is
appended to the minutes of the meeting and will be part of future progress reports. ltis
hoped that members of the Task Force who are aware of additional papers that should
be reviewed will advise us.

Task 3 ~ Review of the Supplement Ongoing Force Studies

With respect to the three or four currently available and wave force prediction methods
identified in the third paragraph, the Project Team indicated that we have now settled on
the following four wave force methods:

« HR Wallingford-Exponential

+ HR Wallingford-Linear

» Kaplan as modified by Dr. Sheppard
+ The Scott Douglas method

There are questions as to whether the HR Wallingford-Linear will be available in a
timely manner due to publication procedures. Moffatt & Nichol will attempt tc speed up
the availability of this information through personal contact with Mr. William Allsop. The
Project Team is prepared to use some of the honorarium money to work with Mr. Allsop
to make this information more available to us.

it was pointed out that the Wallingford methods:

s Were developed primarily for ocean platforms which are different from our
problem in that the ratio of the wave length to the width of the structure is quite
different for piers compared o bridges, and

« Submerged structures were apparently not investigated.

Task 4 — Compiling Catalog Retrofit Options

The following comments were made relative to the generaé outline shown under the
second paragraph of the work plan:

« Superstructure continuity may be useful where there are skewed waves such that
there is a longitudinal component of the wave force.

e Fuses to protect the substructure should probably be forced based rather than
displacement based.

+ There was some interest in shaping the cross-section to produce a downward
hydrodynamic force in a fashion analogous to the way bridges are designed for
wind. Experimental work on this aspect is outside the Scope, but this could be
mentioned in the report for possible fuiure work.

+ We nead to separate the technical issues from those involving a business
decision. This might relate in particular to the use of Dr. Sheppard’s screening
approach, which would be technical, versus a management approach dealing
with prioritization, one feature of which would be the result of screening.

8



MODJESKE=oMASTERS, INC.

Memorandum -4 . November 7, 2006

» There was a question as to whether we can give guidance on the boundary
conditions or analysis methcds to be used with various retrofit options.

« There was discussion about the possibility of using a submerged breakwater reef
that might be built for other purposes, such as the promotion of fish life. Issues
included how far away from the bridge this might be, how big it might be, how do
you design it, whether it creates depth limited waves, etc. There was also
reservation as to whether the reef would be functional during a hurricane event
when we needed it most.

The Task Force asked for copies of the wave model used in Dr. Sheppard's study of
Escambia Bay which included SWAN, ADCIRC, and other software. Mr. Renna will
provide the wave models {these have already appeared in the email).

It was pointed out that if we used remaining life in Dr. Sheppard’s evaluation screening
method, this could affact the choice of a design storm which might create a circular
process. This also related to the guestion of technical decisions versus business
decisions. The initial reaction to this approach was somewhat negative, but subsequent
discussions indicate that this should be given more thought and consideration,

Task § - Perform Analytical Studies of Retrofit Options

This topic was reviewed and no additional comments were forthcoming.

Task 6 — Develop Guide Specification and Retrofit Handbook for Adoption by
AASHTO

The Project Team's approach was discussed, including the fact that we have now
started a memorandum (Mr. Shelden) to compare various existing specifications for
wave loads in terms of the load cases investigated, as well as consideration as to
whether the Goda method of using two times the design life was the wave recurrence
interval,

~ The remaining tasks were reviewed briefly and little further discussion took place on
these items.

RETROFIT HANDBOOK —- PRELIMINARY QUTLINE {9/19/06)

This prefiminary outiine was attached to the Work Plan was reviewed and it was pointea
out that regarding importance, a formula by Texas should be reviewed as a means of
prioritization, as should work currently underway by the FHWA.

TABLE OF VALUES

A table of proposed partial payments had been appended fo the work plan. This can
now be disregarded as the FHWA has decided not to permit partial payments.



MODJESK L=MASTERS, INC,

Memorandum -5. November 7, 2008

MILESTONE SCHERULE

A schedule was appended fo the Work Pian oriented fowards achieving the objectives
along the lines of the original schedule proposed in the RFP. There was some
discussion as to the importance cf getting a quality product even if the schedule had lo
slip a little bit.

it was also pointed out that some of the milestone events are confingent upon the

completion of other projects underway by the Florida DOT. Some adjustment of interim
milestone dates may still be required.

REVIEW OF THE SEPTEMBER 30, 2006 PROGRESS REPORT

This document was reviewed and there were no questions ar comments that need to be
addressed,

UPDATE ON PROGRESS

The Team reported that we have continued to work on all of the items identified in our
September 30" progress report as work to be done in this month. This included the
following:

» Collecting and reading various references from the Literature Survey.
Beginning to look at alternative specification presentations, including ASCE 7,
APl LRFD, LADOTD, Lake Pontchartrain criteria.

» Dr. Sheppard continues to evoive the screen process, which we expect to use in
the Retrofit Manual.

+« Work continues at the University of Florida in the wave tank.

UPDATE OF RELATED FLORIDA DOT PROJECTS

Wave Tank Tests and Data Analysis

+ Have data from tests with deck only

» Theory compares well with experimental data

¢ Have determined relationship between duration and magnitude of slamming force
and wave properties and structure elevation

« In process of adding slamming force to quasi-stationary force in equations

« Wil be adding girders within two weeks and starting tests

SurgeMVave Vulnerability Screening, Loading Calculations Sfructure Response and
Retrofit

Phase | - Screening

» Initial screening completed

10



MODJESK lndMASTERS, INC.

Memorandum -6~ November 7, 2006

Phase 1]

-
L2
L 2

Have made changes (hopefully improvements) to screening procedure

Completed all wave modeling

Extracted required bridge information for 1-10 Escambia Bay Bridge

Extracted water elevation, and wave height/period information from hindcast solution
files for 1-10 Escambia Bay during Hurricane lvan

In position to test different predictive equations once Modified Kaplan Equations are
ready

Joint Probability Analysis

Progress report distributed to team members and task force

Wind (hindcast) data from four significantly different hurricanes have been examined
and frends observed

Hurricane lvan hincast models being rerun to separate wind setup, and storm surge
and waves

o Examine phase as a function of location in bay system

Might run ivan along a different path (probably not time for FDOT deadlines)

Most likely there is weak or no dependence of phase between storm surge and wind
setup.

Use Goda method for dealing with remaining service life of bridge??

REVIEW OF PROPOSED AGENDA FOR DECEMBER MEETING

An opportunity to review this agenda and comments on it was provided. No significant
addiions or deletions were proposed.

OCTOBER PROGRESS REPORT

it was decided that the Minutes of the Meeting would serve as October's Progress

Report.
(b L of
v JOHN M. KULICKI
JMECWGEW dml
encl.
as

11



MODJESK sMASTERS, NG

Memorandum

-7- November 7, 2006

ATTACHMENT 1

Wave Vulnerability Task Force Rester .
Oct, 20, 2006 Project Mecting
“T indicates attendance by telephone
“P* indicates attendance in person

AASHTO Partners

State Bridge Engineers’

Hydraulics Engineers

Mr. William N. Nickas, Chair P
State Structure Design Engineer
Florida Department Of Transportation

Mitchell K. Carr T
Bridge Design Engineer
Mississippi Department of Transportation

Greg R. Perfetti T
State Bridge Design Engineer
Nerth Carolina Department of Transportation

Rick Renna P
State Drainage Engineer
Florida Department of Transportation

David R. Henderson T
Morth Carolina Department of Transportation
State Hydraulics Engineer

Kevin Flora T
California Department of Transportation
State Hydraulic Engineer

FHWA Partners

Subject Matter Experts ( Consultant/Academia)

Tom Everett, Vice Chair P
Federal Highway Administration

Korel Kerenyi P
Federal Highway Administration

Joseph Krolak Absent
| Federal Highway Administration

Shoukry Elnzhal T
Federal Highway Administration

{Tony) Robert A. Dalrymple T
Department of Civil Engineering
Johns Hopking University

Pavid L. Kriebel, Professor T

Director, Ocean Engineering

Department of Naval Architecture & Ocean
Engineering

Spencer Rogers T
North Carolina Seagrant

FHWA Support Staff

Firas Ibrahim P
Federaf Highway Administration

12




MODJESK[=MASTERS, INC.

Memorandum . -8- November 7, 2006

ATTACHMENT 2

Agenda — Oct 20 Meeting DTFH61-06-T-70006

1:00 Call to Order
Roll Call
Administrative Comments
Task Ferce Membership
Other
110 Review of Work Plan
Scope
Task Force Expectations
3110 Review of 9/30 Progress Report
320 Update on Progress
3:30 Update of Related FDOT Project
3:55 Review proposed Agenda for Dec. Meeting
400 Need for 10/31 Progress Report
4:01 Adjoumn

13



DRAFT WORK PLAN
SUBMITTED TO THE FEDERAL HIGHWAY ADMINISTRATION

TASK ORDER RFP DTFH61-06-T-70006

FOR THE DEVELOPMENT OF :
GUIDE SPECIFICATIONS FOR BRIDGES VULNERABLE TO COASTAL STORMS
AND
HANDBOOK OF RETROFIT OPTIONS FOR BRIDGES VULNERABLE TO
COASTAL STORMS

LIMITED USE DOCUMENT

This proposal shall be used and disclosed for evaluation purposes only,
and a copy of this Government notice shall be applied to any reproduction
or abstract thereof. Any authorized restrictive notices that the submitter
places on this Proposal shall also be strictly complied with. Disclosure of
this Proposal outside the Government for evaluation purposes shall be
made only to the extent authorized by, and in accordance with, law.

by
Modijeski and Masters, inc.

September 25, 2006

14



-11 -

TECHNICAL APPROACH

While recent hurricanes are named herein, the term “coastal storm” is broader than
hurricane” in that it implies any storm that involves a combination of wind, wave, and/or
surge. Thus, a “Nor'Easter” is considered a coastal storm.

Our focus will be on assembling available information into a practice-oriented speciﬁéation
and retrofit handbook. Time and resources will not allow for a major research effort.

The structure-type focus of this study will be typical prestressed concrete and steel multi-
girder bridges and slab bridges. Although some of the guidance to be developed may be
useful for the analysis of segmental concrete or movable bridges, specific design
specifications or retrofit concepts for these types of bridges will not be developed.
Similarly, while tsunamis are a wave event, they will not be specifically covered. Damage
from floating objects will not be considered.

Our approach to Tasks 1 through 8 in the Prospectus follows.

Task 1 — Kick off and Project Meetings

The RFP states that the contractor’s key technical and other appropriate staff shall meet
with FHWA and other staff at the FHWA Office of Bridge Technology, the National Highway
Institute in Washington, DC, the contractor’s facilities, or at other locations to be determined
by the Government for one one-to-two day meeting to discuss the overall approach,
contractor proposed work plan and schedule, deliverables, and details of this project.

Furthermore, the RFP states that the contractor shall also be required to meet with the
Government and review task force for one or more 1 or 2-day project technical meetings
with the Government and review group to resolve any en-going technical issues that arise
during development. While some meetings will require only one person, some will require 2
or 3 to attend. These meetings will be scheduled as needed during the project.

We will hold an expanded version of a kick off meeting, part of which would be intra Team,
in early December, with three objectives:

« Hold an internal team meeting to determine what information has been assembled.
Discuss what additional information we need, and promote cooperation on socme
critical Tasks such as Tasks 3 and 5 on which so much of the rest of the project
depends;

+ Meet with the Task Force for 2 days to discuss our progress and remaining work,
further clarify expectations and identify areas where the Task Force may be able to
provide input, especially for Tasks 2 and 4, and to discuss objectives and
deliverables.

s Visit the wave tank at the University of Florida and review findings with Dr.
Sheppard.

15



A preliminary agenda for this meeting is attached.

Due to the difficulty in scheduling a kick off meeting shortly after NTP, the Team held a two-
day meeting on September 18 and 19. Items discussed included clarifying responsibilities,
discussions on the Wallingford and modified Kaplan methods and plan on how a decision
will eventually be made as to wave force calculation method, and an exchange of views on
the form some of the deliverables might take. The agenda for that meeting is attached.

A meeting has also been scheduled for Oct 20" which will be attended by representatives
of the Team and the Task Force with telephone access fo other members of both groups.

We expect that one or more additional meetings of the full team will be beneficial. As the
very least we expect the wave experts from MN and Dr. Sheppard to meet occasionally
regarding Tasks 3 and 5.

We expect to attend a project close-out meeting with the Task Force, and make a
presentation to 2007 and 2008 SCOBS meeting.

Task 2 — Review, Summarize, and Augment Literature

Conduct a literature review, and summarize and catalog damages on bridges and
structures resulting from coastal storm hydrodynamic events, and augment this work with
additional data and information as required.

This Task shall also include back-calculating structural resistance from forensic data made
available from damage inspections and bridge plans. These studies will be done for i-10
across Escambia Bay and 1-10 across Lake Pontchartrain because there have been
sufficient data already developed for these two bridges by team members MN and OEA.
The Project Team will use simple, commonsense engineering to conduct these
investigations. For example, the capacity of anchor bolts, bumper blocks, diaphragm
connections and similar details might be an indicator of the applied forces that were either
exceeded or not exceeded. Likewise, seismic analogies such as the capacity design
approach might be used to estimate substructure shear capacily. Some studies of
substructure behavior using complex soil structure software maybe necessary. Soil-
structure-hydrodynamic interaction issues for that type of analysis would involve
geotechnical, coastal and structural experts. This information will then be used to assess
the wave force prediction methods in Task 3 and Task 5.

We will compile a catalog of damages from post-event condition assessments and literature
reviews already conducted by some of the coastal states. Some of the literature reviews by
others are soon to be completed or have been completed quite recently. It should not be
necessary to update these data. We will review selected relevant published papers and
reports. We will contact those directly involved with some of the post Katrina, Rita, and lvan
bridge damage surveys; including some of the coastal states which made presentations on
bridge damage. As a minimum, we will review reports as exist on the following:

16



A literature survey being done for TxDOT

ASCE Katrina survey

“Wave Forces on Bridge Decks,” report by University of South Alabama
Investigation for U.S. 90 at Biloxi, MS

investigations for U.S. 80 Bay St. Louis, MS

investigations for i-10 across Escambia Bay, FL

investigations for I-10 across Lake Pontchartrain, LA

* & & & *» @

From a geotechnical/substructure perspective, we will review the information compiled to
identify the type and severity of storm-related damage {e.g., scour and unacceptable
foundation movements), foundation type and pier configuration, and foundation soil
conditions.

When reviewing damage incurred by some bridges, we will also look for information on

bridges, both highway and railroad, that experienced significant storm surge and wave
loading, but suffered little damage for use in other tasks,

Task 3 — Review and Supplement Ongoing Force Studies

Studies are ongoing characterizing loads structures encounter from coastal storm events.
Information from these studies will be reviewed and supplemented by the work by others
for applicability to this study.

We will review work currently underway by researchers at various universities. We
presume that members of the Task Force will assist in making information available to us
where their agency is funding the work and that they will facilitate release of preliminary
findings from state DOT's University researchers and their contract staff. This effort should
involve multiple universities and we propose to pay selected facuity an honorarium to spend
some time discussing their work to either facilitate understanding of published work or gain
insight into unpublished work. This is included in the contract cost proposal.

Task 3 will be limited in effort and schedule. In order to be consistent with the focus of this
project, we expect to do a limited synthesis of 3 or 4 currently available wave and surge
prediction and wave force prediction methods involving comparative calculations for similar
data sets, and two well defined case studies. Recent hindcasts of wave and surge to be
used in this project will be:

» [-10 across Escambia Bay, FL
» [-10 across Lake Pontchartrain, LA

We will concentrate efforts on evaluating the modified Kaplan procedure currently being
investigated and evaluated by Dr. Sheppard (University of Florida/OEA, Inc.), and
procedures outlined by HR Wallingford in “Piers, Jetties and Related Structures
Exposed to Waves: Guidelines for Hydraulic Loadings.” A discussion of the

17



applicability, merits and shortcomings of these two approaches will be presented.in the
Final Report. Presentations at the September 18™ and 19" Team meeting started this
dialogue which will be continued and be the subject of presentation at the joint meeting
in December. We will document some of the basis for recommending a particular
method or methods in the Commentary of the Design Specification. These methods will
be used to estimate the loading on spans of the two bridges identified above which were
damaged during Hurricane Ivan or Katrina (for which surge and wave hindcasts have
already been developed by team members MN and OEA).

Once a method for estimating wave forces has been obtained, it may be possibie to
produce plots of non-dimensional parameters involving moments and vertical and
horizontal wave forces: water and wave parameters, and structure parameters. If these
plots can be developed, they will be included as one of the products of this study.

Task 4 — Compile and Catalog Retrofit Options

Compile and catalog retrofit options developed for other hazards that may have potential
for applicability to mitigate bridge damage resulting from this hazard.

We will review the 1995 Seismic Retrofit Manual and the not yet released new seismic
retrofit manua! compiled by MCEER for details and concepts that may be appiicable to the
coastal bridge problem. We will also collect concepts being considered by the coastal
states by personal contacts with the State Bridge Engineers in the appropriate states.
Structural concepts may be organized as:

Risk Mitigation
Superstructure
Continuity
Venting
Hold downs
Barrier modification
Sacrificial spans
XXX
XXX
Substructure
Capacity enhancement
Ductility enhancement
XXX
Synergy issues

Options for foundation retrofit may include types of ground improvernent to stabilize soils
near pier foundations and the addition of structural elements to foundations (e.g.,
micropiles) that provide reserve axial, lateral and forsional resistance and which can be
installed under emergency conditions to facilitate bringing a critical structure back into
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service relatively soon after a storm event.

- After a critical evaluation of concepts, ideas and strategies that seem to be most
impiementable will be input for the retrofit Manual to be written in Task 6.

Task 5 — Perform Analytical Study of Retrofit Oplions

Conduct an analytical study to determine behavior of bridges under loads identified under
Tasks 2 and 3 and with applicable retrofit options identified under Task 4.

Our approach is to reality-check hindcast wave force estimates from recent hurricanes for
limited sections of two bridges against the apparent behavior observed in the field as
gathered in Task 2 and using the previously performed wave and surge hindcasts
developed in Task 3. Using the calculated forces and the structural assessment of
resistance from Tasks 2 and 3, we will assess some of the more promising retrofit options
identified in Task 4. If a given retrofit option changes the load paths in a structure the
revised structural actions will have to be considered. Similarly, if a retrofit option changes
the dynamic characteristics we will have to discuss the potential significance with the Task
Force before proceeding with major structural analysis. This potential seems remote, 5o
we have based our cost proposal on assuming that the structure is rigid. Dynamic analysis
is not included in this proposal.

Viable options for foundation retrofit may be analyzed using FB-MuitiPier. FB-MuitiPieris a
nonlinear finite element analysis program that can analyze multiple bridge pier structures
interconnected by bridge spans subjected to a full range of AASHTO-load types in static- or
dynamic-analysis modes. Each pier structure is composed of pier columns and a cap
supported on a pile cap and piles/shafts with nontinear soil. This analysis program couples
nonlinear structural finite element analysis with nonlinear static soil models for axial, lateral
and torsional soil behavior.

Loads for this task willi be generated by OEA using whatever method is selected to be
advanced for the specification and reviewed by MN and MM.

Task 6 — Develop a Guide Specification and a_Retrofit Handbook for adoption b
AASHTO '

Task 6a - Guide Specification

The Project Team will develop a multi-level, performance-based guide specification and
commentary. A design event of a given minimum probability of occurrence will be the basis
of force determination. Needed statistical data describing the uncertainty on the load side
will be recommended by MN and OEA. Starting with load factors and load combinations in
AP} RP2A (which has an LRFD format) and ASCE 7, load factors will be developed to
provide levels of reliability comparable to other limit states in the AASHTO LRFD. Monte
Carlo simulation wili be used to by DRM and MM to confirm the choice of load and
resistance factors. The outcome of the calibration will be reviewed by the Team before
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presentation to the Task Force. Advancement to AASHTO should be a consensus of the
Team and Task Force. The AP! and ASCE load specifications will also be a starting point
for required provisions other than just the load factors.

Thus, the coastal input will be based on the same recurrence for ali sites, but the
magnitude of the associated parameters and the resulting force estimate will be site
specific. The level of coastal input will be dependent of the required analysis level and vary
from use of available standard data to comprehensive numerical modeling by experienced
Coastal Engineers. Use of more sophisticated and accurate technique for the more
expensive and important bridges may involve the use of numerical models to hindcast
winds, waves and storm surges and their joint probability. The guidelines will also include
the site specific criteria that must be considered in the analyses (i.e. surge elevation, wave
period, wave height, etc.) Additionally, guidance and procedures will be provided
concerning combining wave and surge loadings with other potential load cases such as live
load, wind load, scour and vessel impact. Levels of analysis may take the form below:

Level | — force calcs using data from screening analysis by reference to Spec
where possible (surge from FEMA, Fetch from mapping, wind from ASCE 7,
Wave height from Shore Protection Manual 84}

Level Il — improve some data based on coastal engineering and repeat force calc

Level Il - Improve as much data as possible using coastal numerical modeling,
statistical analysis, structural dynamics, model studies, advanced gectechnical
modeling.

At this time, we expect that a menu of levels of analysis we will developed similar to Table
4.7.4.3.1-1 in the seismic criteria in the LRFD Specifications. Hazard, vulnerability,
importance and consfruction cost are likely discriminators in such a table. it is reasonable
to expect that some, or possibly all, of the performance levels in the specifications will
require that the storm surge and wave characteristics and their interaction with wind and
current, be determined by a qualified coastal engineer for use by the bridge engineer.

We have considered the issue of a national hazard map indicating wave forces and their
probability, and it is the collective judgment of the Team that due to the site specific nature
of both the storm surge and especially the waves, a comprehensive national map of the
type described in the RFP is not possible. In fact, developing anything more advanced than
the FEMA surge maps is also beyond this project. Similarly, there seems to be little chance
of developing a research statement for another agency to prepare such a map. If
conditions change during the life of this project to make either a map or a map-
development project more variable, it can be discussed with the Task Force at that time to
see if there is a satisfactory way fo proceed.

In lieu of the national map, we will prepare guidelines and procedures on how to produce

the storm surge and wave conditions at a bridge site for a given probability event. These
guidelines will include more than one procedure starting with a relatively simple one for use
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with small, less important bridges. A simple procedure may involve using existing FEMA
storm surge maps and ASCE-7 design wind speeds. Even these relatively simple tools
address the issue of the probability of an event of a given size affecting a given site in that
wind speed and surge height correspond to a return period. Thus the difference in coastal
storms affecting New Jersey and Florida, for example is addressed to some degree. This
information could be used with basic Corps of Engineers wave hindcasting techniques to
determine the design conditions for determination of forces on the bridge.

We will prepare guidance for a bridge designer to use the wave/surge/current/wind
information to determine if the structure has sufficient vertical clearance for the
superstructure to be unaffected, and if not to determine the structural response for these
loads. We will identify design strategies as part of the design guidance.

Ideally, the Guide Specification should address the joint probability of the current, surge,
wave and wind, and possibly scour and vessel impact. Itis very unlikely that the maximum
of each event will occur simultaneously. Similarly, there should be same recognition of the
fact that a wave/surge arriving at a bridge may not be precisely aligned with the direction of
a pier to produce maximum damage. The vessel collision specifications contain an
analogous concept, i.e., that not all vessel collisions with a bridge pier are maximum direct
hits; many are glancing blows — see LRFD Article 3.14.5.4 and Commentary. The
information required to do a rigorous joint probability wind/wave/surge analysis is extremely
rare if it exists at all at this time. A study currently underway by OEA, Inc. for the FDOT
District 6 for the Florida Keys will, when completed, provide the information needed for this
type of analysis for that area but not in time to affect this project. In this project,
approximate techniques wilt be used in an attempt to produce estimates of these joint
probabilities. However, the joint probability issue may be found to be so site specific and/or
data dependent that it is not amenable to treatment by such simple methods as Turkstra’s
rule. If this is found to be the case we will outline procedures and criteria for conducting
site specific evaluations of joint actions.

Task 6b - Retrofit Handbook

There is a need for the Retrofit Manual to have a programmatic component. Therefore, the
Project Team will develop guidance on a suggested screening and prioritization process,
Since the focus of the project is to utilize available information, at least as a starting point,
we will be guided by processes similar to those used in seismic design and/or security
assessments. We will also consider the Draft 3-level approach presented by Florida as
discussed at the SCOBS meeting in Utah as a possible screening tool as well as other
methods that we identify in Task 2. We anticipate that the recommended ranking
procedure will place heavy emphasis on evacuation and recovery issues and will consider
programmatic issue such as scheduled maintenance or replacement.

The screening process developed in Task 6 will have options for early dismissal of bridges
which have either such low hazard levels or low vuinerability as to not warrant further
consideration. Criteria may involve site issues such as small fetch or other protection from
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surge and/or wave. Height of structure or weight/buoyancy might also be factors for early
exemption from further study. Some of these characteristics have already been used in
available security, coastal and seismic screening processes.

The Project Team will prepare guidance for dealing with the bridges found to need retrofit
or replacement in two levels: strategies and possible details. Strategies could range from
do nothing and accept the risk, stockpiling replacement spans or temporary bridging, or
installing retrofits, through replacement of lifeline structures.

We will present retrofit concepts identified in Task 4 found to be effective and practical for
the types of low-level bridges found in coastal areas in a concept graphic with a list of
advantages and caveats that the Project Team and the Task Force determine to be
necessary. Caveats may include the necessity to investigate the load path all the way into
the foundations, improve ductility to assure that the implied structural response is
obtainable, or use built-in fuses. The handbook will include a general methodology for
design and retrofit, but detailed design procedures and example calculations will not be
provided. The RFP indicates that the Government and task force will help identify feasible
strategies, and we welcome that input.

Findings of this Task (for each milesione submittal) will be presented to the Government
and AASHTO/FHWA Task Force. :

The Project Team will develop a cost assessment model to evaluate the benefit/cost
associated with potential retrofit iInvestments for long or lifeline bridges requiring special
attention. MN will take the lead in developing the cost assessment model. We anticipate
that the cost-effectiveness procedure will be similar to the Method 11l Benefit/Cost analysis
contained in the AASHTO Guide Specification and Commentary for Vessel Colfision Design
of Highway Bridges (1991). The cost of retrofit measures will be compared with the benefits
associated with avoiding the major quantifiable costs associated with bridge collapse,
including replacement and detour costs associated with traffic having to use alternative
routes after a potential collapse event. The risk associated with the collapse event will be
included in the benefit/cost analysis procedures.

A preliminary draft outline for the Retrofit Manual is attached.

Task 7 — Develop Final Report and Recommendations for Further Studies

Based on findings of Tasks 2 - 5, the Project Team will prepare a final comprehensive
report with findings supporting the items described in Task 6. In addition, the report will
contain a plan for further study including any experimental work under a separate phase of
work. The project findings will be presented to the AASHTO/FHWA Task Force.

While MM will take the lead, MN will contribute the summary of analysis of load calculation

procedures and will review the rest of the document. The presentation will be shared by
MM, MN and OEA.
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Task 8 — Prepare Executive Summary and Presentation Materials

We will prepare a 4-6 page executive summary and presentation materials for managerial
briefings. The briefing materials will be limited to a one hour presentation. MM will take the
lead assisted by DRM. The executive summary will be reviewed by MN, OEA and DAP.

We propose to delay the preparation of the technology transfer material until after the other
tasks are nearly complete, and {o negotiate a fee for that work when the extent of prepared
information from other tasks that can be used directly as presentation material can be more
accurately assessed. No costs for preparation of that material is included in this proposal.

The requirements for monthly reporting and the defiverables are detailed in the RFP.
These requirements are not repeated herein but will be fuifilied by our team.

A proposed schedule of values and milestone schedule foliows.
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Tentative Agenda for Dec. Joint Meeting

When: Dec 4, 5 & 6~ to be finalized next week
Where: Gainesville — FDOT will supply vans and meeting room for one day
Contact person in Wm's office: Linda Ryan (Linda.ryan@dot.state.fl.us)

Dec 4 — Team meeting

1:30 - 5:30 PT Meets
» Scope adjustments
Discussion of K and W methods
Other candidates?
Basis for a choice
Further define roles and responsibilities

Dec 5 —Joint Meeting

8 -9 Separate meetings of Task Force (TF) and Project Team (PT)
9 -12 Combined meeting

« Introductions

« How does project fit in big picture? What is already available?
« What other work is underway at state and federal level?

« Summary of work to date — review of progress reports

» Philosophy

12 -1 Lunch
1PM Leave for U of F wave tank
3:30 Return to meeting

+« More on progress

+ Expectations

+« Products

5:30 Adjourn
Dec 6

8-5 Meet with TF
o TF feed back and direction
+ Scope/Work Plan
» Setdate for next combined mesting

5:00 PM - Leave
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Agenda for September 18-19 Team Meeting

Monday Noon -5:30 (w/working lunch)

Tentative contract terms (30 min)

How to invoice for work done (30 min}

Comment on the partial payment schedule sent recently which we need to offer to
FHWA. {15 min) Any comments as far??

Results to date from request for information. (15 min)

Mike Knott ~ cost assessment, other thoughts (30 min)

Max Sheppard — review of current related projects and how they will feed into this project
(45 min}

Presentations on Kaplan, Wallingford, FOOT screening, discussion of Douglas report (60
min to 90 min))

Prepare a list of current thinking on the types of information necessary to get to bridge
loadings and where we think it might come from—-eg winds, fetch, tides, surge height,
wave height etc. (Do MN or OEA already have this from other work?) {30 to 45 min)

From OEA's wave and surge vulnerability report March 2006
The six steps in the procedure are as follows:

1. identify potentiai bridges

2. establish the 100-year water surface elevation at each bridge — FEMA flood
maps or local data

determine the fetch length and the average water depth over the feich for each
bridge - mapping

determine the 100-year wind speed and direction for each bridge - NOAA
determine the maximum design wave height at each bridge — USACOE??
determine the elevation and configuration of the superstructure for each bridge. -
Plans

L

o

Free discussion on where we think this is going---what might the deliverables look like.

Tuesday 8:30 — 5:00 (w/working lunch)

Free discussion continues

Expand our revised tech proposal, which you all have, into a "work plan”. Need more
specificity. Any premeeting work on this would be good. Most of us have more that 2
days (16 hours?7?) for a type 1B meeting so there is some time available to work on this.
For that matter, time could be charged to the actual tasks on the basis that we are
defining and planning the work.

Starl to list major headings for spec and handbook

List topics for OCT 20 meeting. -

1. Work Plan

2. Table of values
3. Lump sum by Task
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4. Receipts?
5. Formats for invoices,

« Review agenda for Dec meeting, attendance list (to Linda ASAP), lab tour time
requirements,
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Retrofit handbook — Preliminary Qutline {9/19/06)

Purpose
Terminology
Examples of past storm damage — MM, started
Screening existing inventory (no force calc) - WGW & Max, start Nov.
Overview of process :
Hazard |dentification
Storm recurrence
Needed data and source - six steps from FDOT
Site and fetch
Wind
Bathymetry
Surge & Still water elev (tide, storm surge
Vulnerability scoring
Based on FDOT process — add programmatic features to FDOT
process
Prioritization of bridges requiring further analysis by risk (OVI or similar, see next page)
- MM
Analysis of bridges not screened out — MN, start now
Level | — force cales using data from screening analysis by reference to Spec
where possible (surge from FEMA, Fetch from mapping, wind from ASCE 7,
Wave height from Shore Protection Manual 84}
Level [l — improve some data based on coastal engineering and repeat force caic
XX
XX
Level Hi — Improve as much data as possible using coastal numerical modeling,
statistical analysis, structural dynamics, model studies, advanced geotechnical
modeling.

(Note Level! structure probably in design spec and referenced in Manual)

Cost assessment model - MK, now
Pricritization of bridges requiring mitigation by risk (OVI or similar}
Retrofit Strategies for existing bridges - WGW
Management Issues
Risk acceptance
Temporary bridges
No action
Incident management plan
Risk transfer
Risk avoidance
Alignment refocation
Grade change
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Structural changes
Collateral improvements (combined benefits)
Concept Synergy — management level
Engineering Issues
Risk Mitigation

Superstructure
Continuity
Venting
Hold downs
Barrier modification
Sacrificial spans
XXX
XXX

Substructure
Capacity enhancement
Ductility enhancement
XXX

Geotechnical
site remediation
XXX

Synergy issues

Excerpt from Blue Ribbon Panel Report on Bridge and Tunnel Security

The risk, R, to the facility is determined following an approach similar to that developed for
seismic retrofit and can be expressed as follows:1

[ R=Oxvxi |

where,

O = Occurrence: In the general form of the risk equation, this factor is hazard oriented and will
change with the nature of the hazard. In the context of this report, the occurrence factor
approximates the fikefihood that terrorists will attack the asset. It includes target attractiveness
(from the perspective of the threat), level of security, access to the site, publicity if attacked, and
the number of prior threats. Input into this factor typically comes from the law enforcement and
inteliigence communities familiar with threat and operational security measures.

V = Vulnerability: In the general form of the risk equation, vulnerability is an indication of how
much the facility or population would be damaged or destroyed based on the structural
response to a particular hazard. In the context of this report, vuinerabifity is the likely damage
resulting from various terrorist threats {(weapon type and location). It is a measure of expected
damage, outcome of the event, expected casualties, and loss of use, ali features of the facility
itself. Input into this factor typically comes from engineering analysis and expertise.

1 The proposed approach is consistent with the approach suggested by the TSA and with approaches currently used by
entities that have completed or are performing risk assessments.
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1= Ilmportance: importance is a characteristic of the facility, not the hazard. In principie,
importance is the same for any hazard. importance is an indication of consequences to the
-region or nation in the event the facility is destroyed or unavailable. Is the facility on an
evacuation or military mobilization route; is it likely fo be used by first responders to
emergencies; what is its historic and associated significance; what is its peak occupancy? Input
into this factor typically comes from owners, operators, users, and beneficiaries of the facilities,
often governmental sources, and will use factors similar to those used in the first tier
prioritization.
This formula properly expresses the interaction among the three factors. Dominant factors
magnify risk; negligible factors diminish it. Other formulas, such as models that add the factors,
fail to account for their interactive effects. For example, in the absence of a threat (O=0), the
risk should be zero as this model provides; additive models would have a residual risk. In the
multiplicative model, eliminating any one factor to zero (or near zero} reduces the risk to near
zero (e.g., low importance leads to low risk regardiess of other factors).
The countermeasures that reduce the risk associated with an asset may be designed to reduce
the occurrence factor (e.g., make the asset less accessible), the vulnerability factor (e.q.,
harden the facility to reduce damage), or the importance factor (e.g., add redundant facilities 1o
reduce dependence on the asset)

T Ay e DR B N G v

29



Task Order DTFH61-06-T-70006

Table of Values

Task

3

4

5

6 50%

5 90%

5 100%

775%

7 100%

875%

8 100%

Start

15-Aug

15-Aug

15-Sep

1-Dec

1-Dec

1-Mar

1-dun

End

15-Dec

15-Dec

26-Jan

2-Mar

15-Feb

31-May

15-Aug

30-Jun

15-Sep

30-Jun

31-Aug

Total

$64.761

$104,00
]

$57,254

$95,450

$121,637

$77.843

$18.272

lavpice

31-Oct

25%

25%

30-Nov

80%

€60%

30%

31-Dec

100%

100%

E0%

31-Jan

100%

28-Feb

85%

35%

3i-Mar

100%

30-Apr

31-May

5%

36-dun

60%

50%

3t

31-Aug

100%

106%

30-Sep

100%
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Milestone Schedule

Task 8 — Executive Summary
Draft 4 to 6 page summary
Final 4 to 6 page summary

June 30, 2007
August 31, 2007

PROPOSED GOMPLETION
TASK RFP COMPLETION DATES DATES

Notice o Proceed September 1, 2006 September 1, 2006

Kickoff Meaeting 2™ week in September 2006* | December 4,56, 2006

Task 2 December 15, 2008 December 15, 2006

Task 3 December 15, 2008 December 15, 2006 ——

Task 4 January 26, 2007 January 28, 2007

Task & March 2, 2007 March 2, 2007

Task 6 y
50%  Draft Specification and Manual | December 31, 2006 February 15, 2007 5/ %
90%  Draft Specification and Manual | May 31, 2007 May 31,2007 7/
100%  Draft Specification and Manuat | August 15, 2007 August 15,2007 o/ /5
Snterim Report Tasks 210 6 July 15 2007 July 15 2007 1 f 1§

Task 7 P
Draft June 30, 2007 June 30,2007 0/ <
Final September 15, 2007 Seplember 15, 2007 71/ 7

June 30, 2007 !
August 31,2007 /=/ 7]

Task 8 — 13 hour slides
Diraft
Final

June 30, 2007
September 30, 2007

November 30, 2007
January 31, 2008
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DRAFT WORK PLAN
SUBMITTED TO THE FEDERAL HIGHWAY ADMINISTRATION

TASK ORDER DTFH61-06-T-70006

FOR THE DEVELOPMENT OF
GUIDE SPECIFICATIONS FOR BRIDGES VULNERABLE TO COASTAL STORMS
AND
HANDBOOK OF RETROFIT OPTIONS FOR BRIDGES VULNERABLE TO
COASTAL STORMS

LIMITED USE DOCUMENT

This proposal shall be used and disclosed for evaluation purposes only,
and a copy of this Government notice shall be applied to any reproduction
or abstract thereof. Any authorized restrictive notices that the submitter
places on this Proposal shall also be strictly complied with. Disclosure of
this Proposal outside the Government for evaluation purposes shall be
made only to the extent authorized by, and in accordance with, law.

by
Modjeski and Masters, Inc.

September 25, 2006
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TECHNICAL APPROACH

While recent hurricanes are named herein, the term “coastal storm” is broader than”
hurricane” in that it implies any storm that involves a combination of wind, wave, and/or
surge. Thus, a “Nor'Easter” is considered a coastal storm.

Our focus will be on assembling available information into a practice-oriented specification
and retrofit handbook. Time and resources will not allow for a major research effort.

The structure-type focus of this study will be typical prestressed concrete and steel multi-
girder bridges and stab bridges. Although some of the guidance to be developed may be
useful for the analysis of segmental concrete or movable bridges, specific design
specifications or retrofit concepts for these types of bridges will not be developed.
Simitarly, while tsunamis are a wave event, they will not be specifically covered. Damage
from floating objects will not be considered.

Our approach to Tasks 1 through 8 in the Prospectus follows.

Task 1 — Kick off and Project Meetings

The RFP states that the contractor’s key technical and other appropriate staff shail meet
with FHWA and other staff at the FHWA Office of Bridge Technology, the National Highway
Institute in Washington, DC, the contractor's facilities, or at other locations to be determined
by the Government for one one-to-two day meeting to discuss the overall approach,
contractor proposed work plan and schedule, deliverables, and details of this project.

Furthermore, the RFP states that the contractor shall alse be required to meet with the
Government and review task force for one or more 1 or 2-day project technical meetings
with the Government and review group to resolve any on-going technical issues that arise
during development. While some meetings will require only one person, some will require 2
or 3 to attend. These meetings will be scheduled as needed during the project.

We will hold an expanded version of a kick off meeting, part of which would be intra Team,
in early December, with three objectives:

« Hold an internal team meeting to determine what information has been assembied.
Discuss what additional information we need, and promote cooperation on some
critical Tasks such as Tasks 3 and & on which so much of the rest of the project
depends;

+« Meet with the Task Force for 2 days to discuss our progress and remaining work,
further clarify expectations and identify areas where the Task Force may be able to
provide input, especially for Tasks 2 and 4, and to discuss objectives and
deliverables.

s Visit the wave tank at the University of Florida and review findings with Dr.
Sheppard.
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A preliminary agenda for this meeting is attached.

Due to the difficulty in scheduting a kick off meeting shortly after NTP, the Team held a two-
day meeting on September 18 and 19. items discussed included clarifying responsibilities,
discussions on the Wallingford and modified Kaplan methods and plan on how a decision
will eventually be made as to wave force calculation method, and an exchange of views on
the form some of the deliverables might take. The agenda for that meeting is attached.

A meeting has also been scheduled for Oct 20" which will be attended by representatives
of the Team and the Task Force with telephone access to other members of both groups.

We expect that one or more additional meetings of the full team will be beneficial. As the
very least we expect the wave experts from MN and Dr. Sheppard to meet occasionally
regarding Tasks 3 and 5.

We expect to attend a project close-out meeting with the Task Force, and make a
presentation to 2007 and 2008 SCOBS meeting.

Task 2 — Review, Summarize, and Augment Literature

Conduct a literature review, and summarize and catalog damages on bridges and
structures resulting from coastal storm hydrodynamic events, and augment this work with
additional data and information as required.

This Task shall also include back-calculating structural resistance from forensic data made
available from damage inspections and bridge plans. These studies will be done for 1-10
across Escambia Bay and 1-10 across Lake Pontchartrain because there have been
sufficient data already developed for these two bridges by team members MN and OEA.
The Project Team will use simple, commonsense engineering fo conduct these
investigations. For example, the capacity of anchor bolts, bumper blocks, diaphragm
connections and similar details might be an indicator of the applied forces that were either
exceeded or not exceeded. Likewise, seismic analogies such as the capacity design
approach might be used to estimate substructure shear capacity. Some studies of
substructure behavior using complex soil structure software maybe necessary. Soil-
structure-hydrodynamic interaction issues for that type of analysis would involve
geotechnical, coastal and structural experts. This information will then be used to assess
the wave force prediction methods in Task 3 and Task 5.

We will compile a catalog of damages from post-event condition assessments and literature
reviews already conducted by some of the coastal states. Some of the literature reviews by
others are soon to be completed or have been completed quite recently. It should not be
necessary to update these data. We will review selected relevant published papers and
reports. We will contact those directly involved with some of the post Katrina, Rita, and van
bridge damage surveys; including some of the coastal states which made presentations on
bridge damage. As a minimum, we will review reports as exist on the following:
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A literature survey being done for TxDOT

ASCE Katrina survey

“Wave Forces on Bridge Decks,” report by University of South Alabama
Investigation for U.S. 90 at Biloxi, MS

investigations for U.S. 90 Bay St. Louis, MS

Investigations for |-10 across Escambia Bay, FL

Investigations for I-10 across Lake Pontchartrain, LA

# & & » » @

From a geotechnical/substructure perspective, we will review the information compiled to
identify the type and severity of storm-related damage (e.g., scour and unacceptable
foundation movements), foundation type and pier configuration, and foundation soil
conditions.

When reviewing damage incurred by some bridges, we will also look for information on

bridges, both highway and railroad, that experienced significant storm surge and wave
loading, but suffered little damage for use in other tasks.

Task 3 — Review and Supplement Ongoing Force Studies

Studies are ongoing characterizing loads structures encounter from coastal storm events.
Information from these studies will be reviewed and supplemented by the work by others
for applicability to this study.

We will review work currently underway by researchers at various universities. We
presume that members of the Task Force will assist in making information available to us
where their agency is funding the work and that they will facilitate release of preliminary
findings from state DOT's University researchers and their contract staff. This effort should
involve multiple universities and we propose to pay selected faculty an honorariurm to spend
some time discussing their work to either facilitate understanding of published work or gain
insight into unpublished work. This is included in the contract cost proposal.

Task 3 will be limited in effort and schedule. in order to be consistent with the focus of this
project, we expect to do a limited synthesis of 3 or 4 currently available wave and surge
prediction and wave force prediction methods involving comparative calculations for similar
data sets, and two well defined case studies. Recent hindcasts of wave and surge to be
used in this project will be:

» |-10 across Escambia Bay, FL
» 1-10 across Lake Pontchartrain, LA

We will concentrate efforts on evaluating the modified Kaplan procedure currently being
investigated and evaluated by Dr. Sheppard (University of Florida/OEA, Inc.), and
procedures outlined by HR Wallingford in “Piers, Jetties and Related Structures
Exposed to Waves: Guidelines for Hydraulic Loadings.” A discussion of the
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applicability, merits and shortcomings of these two approaches will be presented in the
Final Report. Presentations at the September 18" and 19" Team meeting started this
dialogue which will be continued and be the subject of presentation at the joint meeting
in December. We will document some of the basis for recommending a particular
method or methods in the Commentary of the Design Specification. These methods will
be used to estimate the loading on spans of the two bridges identified above which were
damaged during Hurricane van or Katrina (for which surge and wave hindcasts have
already been developed by team members MN and OEA).

Once a method for estimating wave forces has been obtained, it may be possible to
produce plots of non-dimensional parameters involving moments and vertical and
horizontal wave forces; water and wave parameters, and structure parameters. I these
plots can be developed, they will be included as one of the products of this study.

Task 4 — Compile and Catalog Retrofit Oplions

Compile and catalog retrofit options developed for other hazards that may have potential
for applicability to mitigate bridge damage resulting from this hazard.

We will review the 1895 Seismic Retrofit Manual and the not yet released new seismic
retrofit manual compiled by MCEER for details and concepts that may be applicable to the
coastal bridge problem. We will also collect concepts being considered by the coastal
states by personal contacts with the State Bridge Engineers in the appropriate states.
Structural concepts may be organized as:

Risk Mitigation
Superstructure
Continuity
Venting
Hold downs
Barrier modification
Breakaway
Open
Sacrificial spans
XXXXX
XXAXX
Substructure
Capacity enhancement
Ductility enhancement
Add earwalls (1t} to piers
Add Shear keys to piers
Strengthen with tie beams, bracing, shafts or piles
XXX
Synergy issues
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Options for foundation retrofit may include types of ground improvement to stabilize soils

‘near pier foundations and the addition of structural elements to foundations (e.g.,
micropiles) that provide reserve axial, lateral and torsional resistance and which can be
installed under emergency conditions to facilitate bringing a critical structure back into
service relatively soon after a storm event.

After a critical evaluation of concepts, ideas and strategies that seem to be most
implementable will be input for the retrofit Manual to be written in Task 6.

Task & — Perform Analvtical Study of Retrofit Options

Conduct an analytical study to determine behavior of bridges under loads identified under
Tasks 2 and 3 and with applicable retrofit options identified under Task 4.

Our approach is to reality-check hindcast wave force estimates from recent hurricanes for
fimited sections of two bridges against the apparent behavior observed in the field as
gathered in Task 2 and using the previously performed wave and surge hindcasts
developed in Task 3. Using the calculated forces and the structural assessment of
resistance from Tasks 2 and 3, we will assess some of the more promising retrofit options
identified in Task 4. If a given retrofit option changes the load paths in a structure the
revised structural actions will have to be considered. Similarly, if a retrofit option changes
the dynamic characteristics we will have to discuss the potential significance with the Task
Force before proceeding with major structural analysis. This potential seems remote, so
we have based our cost proposal on assuming that the structure is rigid. Dynamic analysis
is not included in this proposal.

Viable options for foundation retrofit may be analyzed using FB-MultiPier. FB-MuitiPier is a
nonlinear finite element analysis program that can analyze multiple bridge pier structures
interconnected by bridge spans subjected to a full range of AASHTO-load types in static- or
dynamic-analysis modes. Each pier sfructure is composed of pier columns and a cap
supported on a pile cap and piles/shafts with nonlinear soil. This analysis program couples
nonlinear structural finite element analysis with nonlinear static soil models for axial, lateral
and torsional soil behavior.

Loads for this task will be generated by OEA using whatever method is selected to be
advanced for the specification and reviewed by MN and MM.

Task 6‘— Develop a Guide Specification and a Retrofit Handbook for adoption by
AASHTO

Task 6a - Guide Specification

The Project Team will develop a multi-fevel, performance-based guide specification and
commentary. A design event of a given minimum probability of occurrence will be the basis
of force determination. Needed statistical data describing the uncertainty on the load side
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will be recommended by MN and OEA. Starting with load factors and load combinations in
AP} RP2A (which has an LRFD format) and ASCE 7, load factors will be develeped to
provide levels of refiability comparable to other limit states in the AASHTO LRFD. Monte
Carlo simulation will be used to by DRM and MM to confirm the choice of load and
resistance factors. The outcome of the calibration will be reviewed by the Team before
presentation to the Task Force. Advancement to AASHTO should be a consensus of the
Team and Task Force. The APl and ASCE load specifications will also be a starting point
for required provisions other than just the load factors.

Thus, the coastal input will be based on the same recurrence for all sites, but the
" magnitude of the associated parameters and the resulting force estimate will be site
specific. The level of coastal input will be dependent of the required analysis level and vary
from use of available standard data to comprehensive numerical modeling by experienced
Coastal Engineers. Use of more sophisticated and accurate technique for the more
expensive and important bridges may involve the use of numerical models to hindcast
winds, waves and storm surges and their joint probability. The guidelines will also include
the site specific criteria that must be considered in the analyses (i.e. surge elevation, wave
period, wave height, etc.) Additionally, guidance and procedures wil be provided
concerning combining wave and surge loadings with other potential load cases such as live
load, wind load, scour and vessel impact. Levels of analysis may take the form below:

Level | ~ force calcs using data from screening analysis by reference to Spec
where possible (surge from FEMA, Fetch from mapping, wind from ASCE 7,
Wave height from Shore Protection Manual 84)

Level I — improve some data based on coastal engineering and repeat force calc

Level {if — Improve as much data as possible using coastal numerical modeling,
statistical analysis, structural dynamics, model studies, advanced geotechnical
modeling.

At this time, we expect that a menu of levels of analysis we will developed similar to Table
4.7.43.1-1 in the seismic criteria in the LRFD Specifications. Hazard, vulnerability,
importance and construction cost are likely discriminators in such a tabie. !t is reasonable
to expect that some, or possibly ail, of the performance levels in the specifications will
require that the storm surge and wave characteristics and their interaction with wind and
current, be determined by a qualified coastal engineer for use by the bridge engineer.

We have considered the issue of a national hazard map indicating wave forces and their
probability, and it is the collective judgment of the Team that due to the site specific nature
of both the storm surge and especially the waves, a comprehensive national map of the
type described in the RFP is not possible. In fact, developing anything more advanced than
the FEMA surge maps is also beyond this project. Similarly, there seems to be little chance
of developing a research statement for another agency to prepare such a map. if
conditions change during the life of this project to make either a map or a map-
development project more variable, it can be discussed with the Task Force at that time to
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see if there is a satisfactory way to proceed.

In lisu of the national map, we will prepare guidelines and procedures on how to produce
the storm surge and wave conditions at a bridge site for a given probability event. These -
guidelines will include more than one procedure starting with a relatively simple one for use
with small, less important bridges. A simple procedure may involve using existing FEMA
storm surge maps and ASCE-7 design wind speeds. Even these relatively simple tools
address the issue of the probability of an event of a given size affecting a given site in that
wind speed and surge height correspond to a return period. Thus the difference in coastal
storms affecting New Jersey and Florida, for example is addressed to some degree. This
information could be used with basic Corps of Engineers wave hindcasting techniques to
determine the design conditions for determination of forces on the bridge.

We will prepare guidance for a bridge designer to use the wave/surge/current/wind
information to determine if the siructure has sufficient vertical clearance for the
superstructure to be unaffected, and if not to determine the structural response for these
loads. We will identify design strategies as part of the design guidance.

Ideally, the Guide Specification should address the joint probability of the current, surge,
wave and wind, and possibly scour and vessel impact. itis very unlikely that the maximum
of each event will occur simultaneously. Simitarly, there should be some recognition of the
fact that a wave/surge arriving at a bridge may not be precisely aligned with the direction of
a pier to produce maximum damage. The vessel collision specifications contain an
analogous concept, i.e., that not all vessel collisions with a bridge pier are maximum direct
hits; many are glancing blows - see LRFD Article 3.14.5.4 and Commentary. The
information required to do a rigorous joint probability wind/wave/surge analysis is extremely
rare if it exists at all at this time. A study currently underway by OEA, Inc. for the FDOT
District 6 for the Florida Keys will, when completed, provide the information needed for this
type of analysis for that area but not in time to affect this project. In this project,
approximate techniques will be used in an attempt to produce estimates of these joint
probabilities. However, the joint probability issue may be found to be so site specific and/or
data dependent that it is not amenable to treatment by such simple methods as Turkstra’'s
rule. If this is found to be the case we will outline procedures and criteria for conducting
site specific evaluations of joint actions.

Task 6b - Retrofit Handbook

There is a need for the Refrofit Manual to have a programmatic component. Therefore, the
Project Team will develop guidance on a suggested screening and prioritization process.
Since the focus of the project is to utilize available information, at least as a starting point,
we will be guided by processes similar to those used in seismic design and/or security
assessments. We will also consider the Draft 3-level approach presented by Florida as
discussed at the SCOBS meeting in Utah as a possible screening tool as well as other
methods that we identify in Task 2. We anticipate that the recommended ranking
procedure will place heavy emphasis on evacuation and recovery issues and will consider
programmatic issue such as scheduled maintenance or replacement.
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The screening process developed in Task 6 will have options for early dismissal of bridges
which have either such low hazard levels or low vuinerability as to not warrant further
consideration. Criteria may involve site issues such as small fetch or other protection from
surge and/or wave. Height of structure or weight/buoyancy might aiso be factors for early
exemption from further study. Some of these characteristics have already been used in
available security, coastal and seismic screening processes.

The Project Team will prepare guidance for dealing with the bridges found to need retrofit
or replacement in two levels: strategies and possible details. Strategies could range from
do nothing and accept the risk, stockpiling replacement spans or temporary bridging, or
installing retrofits, through replacement of lifeline structures.

We will present retrofit concepts identified in Task 4 found to be effective and practical for
the types of low-level! bridges found in coastal areas in a concept graphic with a list of
advantages and caveats that the Project Team and the Task Force determine to be
necessary. Caveats may include the necessity to investigate the load path all the way into
the foundations, improve ductility to assure that the implied structural response is
. obtainable, or use built-in fuses. The handbook will include a general methodology for
design and retrofit, but detailed design procedures and example calculations will not be
provided. The RFP indicates that the Government and task force will help identify feasible
strategies, and we welcome that input.

Findings of this Task (for each milestone submittal) wili be presented to the Government
and AASHTO/FHWA Task Force.

The Project Team will develop a cost assessment model to evaluate the benefi¥/cost
associated with potential retrofit investments for long or lifeline bridges requiring special
attention. MN will take the lead in developing the cost assessment model. We anticipate
that the cost-effectiveness procedure will be similar to the Method Hl Benefit/Cost analysis
contained in the AASHTO Guide Specification and Commentary for Vessel Collision Design
of Highway Bridges (1991). The cost of retrofit measures will be compared with the benefits
associated with avoiding the major quantifiable costs associated with bridge collapse,
including replacement and detour costs associated with traffic having to use alternative
routes after a potential collapse event. The risk associated with the collapse event will be
included in the benefit/cost analysis procedures.

A prefiminary draft outline for the Retrofit Manual is attached.

Task 7 — Develop Final Report and Recommendations for Further Studies

Based on findings of Tasks 2 - 5, the Project Team will prepare a final comprehensive
report with findings supporting the items described in Task 6. In addition, the report will
contain a plan for further study including any experimental work under a separate phase of
work. The project findings will be presented to the AASHTO/FHWA Task Force.
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While MM will take the lead, MN will contribute the summary of analysis of load calculation
procedures and will review the rest of the document. The presentation will be shared by
MM, MN and OEA.

Task 8 — Prepare Executive Summary and Presentation Materials

We will prepare a 4-6 page executive summary and presentation materials for managerial
briefings. The briefing materials will be limited to a one hour presentation. MM will take the
tead assisted by DRM. The executive summary will be reviewed by MN, OEA and DAP.

We propose to delay the preparation of the technology transfer material until after the other
tasks are nearly complete, and to negotiate a fee for that work when the exient of prepared
information from other tasks that can be used directly as presentation material can be more
accurately assessed. No costs for preparation of that material is included in this proposal.

The requirements for monthly reporting and the deliverables are detailed in the RFP.
These requirements are not repeated herein but will be fulfilled by our team.

A proposed scheduie of values and milestone schedule foliows.
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Tentative Agenda for Dec. Joint Meeting 8-17-06

Wﬁen: Dec4,5 & 6~ to be ﬂnaliied next week
Where: Gainesville — FDOT will supply vans and meeting room for one day
Contact person in Wm's office: Linda Ryan (Linda.ryan@dot state.fl.us)

Dec 4 — Team meeting

1:30 - 5:30 PT Meels

Scope adjustments

Discussion of K and W meathods

Other candidates?

Basis for a choice

Further define roles and responsibilities

*

* & * @

Dec 5 —~Joint Meeting

8 - 9 Separate meetings of Task Force (TF) and Project Team (PT)
9 -12 Combined meeting

e introductions
How does project fit in big picture? What is already available?

o What other work is underway at state and federal level?
» Summary of work to date — review of progress reports
» Philosophy

12 -1 Lunch

1PM Leave for U of F wave tank
3:30 Return to meeting

+ More on progress

» Expectations

+« Products

5:30 Adjourn

Dec 6

8-5 Meet with TF
» TF feed back and direction
» Scope/Work Plan
« Set date for next combined meeting

5:00 PM - Leave
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Agenda for September 18-19 Team Meeting

Monday Noon -5:30 (w/working lunch)

»

Tentative contract terms {30 min})

How to invoice for work done (30 min}

Comment on the partial payment schedule sent recently which we need to offer to
FHWA. (15 min) Any comments as far??

Results to date from request for information. {15 min)

Mike Knott — cost assessment, other thoughts (30 min)

Max Sheppard — review of current related projects and how they will feed into this project
(45 min)

Presentations on Kaplan, Wallingford, FDOT screening, discussion of Douglas report {60
min {o 90 min})

Prepare a list of current thinking on the types of information necessary to get to bridge
loadings and where we think it might come from----eg winds, fetch, tides, surge height,
wave height etc. (Do MN or OEA already have this from other work?} (30 to 45 min)

From OEA's wave and surge vulnerability report March 2006
The six steps in the procedure are as follows:

identify potential bridges

establish the 100-year water surface elevation at each bridge — FEMA flood
maps or local data

determine the fetch length and the average water depth over the fetch for each
bridge - mapping

determine the 100-year wind speed and direction for each bridge - NOAA
determine the maximum design wave height at each bridge — USACoE??
determine the elevation and configuration of the superstructure for each bridge. -
Plans

Py~

o

or

Free discussion on where we think this is going---what might the deliverables look like.

Tuesday 8:30 — 5:00 (w/working lunch)

L]

Free discussion continues ‘

Expand our revised tech proposal, which you all have, into a "work plan”. Need more
specificity. Any premeeting work on this would be good. Most of us have more that 2
days (16 hours??) for a type 1B meeting so there is some time available to work on this.
For that matter, time could be charged to the actual tasks on the basis that we are
defining and planning the work.

Start to list major headings for spec and handbook

List topics for OCT 20 meeting.

1. Work Plan

2. Table of values
3. Lump sum by Task
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4. Receipts?
5. Formats for invoices.

« Review agenda for Dec meeting, attendance list (fo Linda ASAP), lab tour time
requirements.
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Retrofit handbook — Preliminary Qutline {(9/19/06)

Purpose
Terminology
Examples of past storm damage — MM, started
Screening existing inventory (no force calc) - WGW & Max, start Nov.
Qverview of process
Hazard Identification
Storm recurrence
Needed data and source — six steps from FDOT
Site and fetch
Wind _
Bathymetry
Surge & Still water elev (tide, storm surge
Vulnerability scoring
Based on FDOT process — add programmatic features to FDOT
process
Prioritization of bridges requiring further analysis by risk (OVI or similar, see next page)
- MM
Analysis of bridges not screened out — MN, slart now
Level | - force calcs using data from screening analysis by reference to Spec
where possible (surge from FEMA, Fetch from mapping, wind from ASCE 7,
Wave height from Shore Protection Manual 84)
Level Il — improve some data based on coastal engineering and repeat force caic
XX
XX
Level Il — Improve as much data as possible using coastal numerical modeling,
statistical analysis, structural dynamics, model studies, advanced geotechnical
modeling.

(Note Level structure probably in design spec and referenced in Manual)

Cost assessment model - MK, now
Prioritization of bridges requiring mitigation by risk (OVI or similar)
Retrofit Strategies for existing bridges - WGW
Management Issues
Risk acceptance
Temporary bridges
No action
Incident management plan
Risk transfer
Risk avoidance
Alignment relocation
Grade change '
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Structural changes
Collateral improvements (combined benefits)
Concept Synergy — management level
Engineering Issues
Risk Mitigation

Superstructure
Continuity
Venting
Hold downs
Barrier modification
Sacrificial spans
XXX
XXX

Substructure
Capacity enhancement
Ductility enhancement
XXX

Geotechnical
site remediation
XXX

Synergy issues

Excerpt from Blue Ribbon Panel Report on Bridge and Tunnel Security

The risk, R, to the facility is determined following an approach similar to that developed for
seismic retrofit and can be expressed as follows:1

[ R=OxVxi |

where,

O = Occurrence: In the general form of the risk equation, this factor is hazard oriented and will
change with the nature of the hazard. In the context of this report, the occurrence factor
approximates the likelihcod that terrorists will attack the asset. it includes target attractiveness
(from the perspective of the threat), level of security, access to the site, publicity if attacked, and
the number of prior threats. Input into this factor typically comes from the law enforcement and
intelligence communities familiar with threat and operational security measures.

V = Vulnerability: In the general form of the risk equation, vulnerability is an indication of how
much the facility or population would be damaged or destroyed based on the structural
response to a particular hazard. 1n the context of this report, vulnerability is the likely damage
resulting from various terrorist threats (weapon type and location). Itis a measure of expected
damage, outcome of the event, expected casualties, and loss of use, all features of the facility
itseif. Input into this factor typically comes from engineering analysis and expertise.

1 The proposed approach is consistent with the approach suggested by the TSA and with approaches currently used by
entities that have completed or are performing risk assessments.
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I = Importance: importance is a characteristic of the facility, not the hazard. In principle,
importance is the same for any hazard. Importance is an indication of consequences to the
region or nation in the event the facility is destroyed or unavailable. Is the facility en an
evacuation or military mobilization route; is it likely to be used by first responders to
emergencies; what is its historic and associated significance; what is its peak occupancy? Input
into this factor typically comes from owners, operators, users, and beneficiaries of the facilities,
often governmental sources, and will use factors similar to those used in the first tier
prioritization.

This formula properly expresses the interaction among the three factors. Dominant factors
magnify risk; negligible factors diminish it. Other formulas, such as models that add the factors,
fail to account for their interactive effects. For example, in the absence of a threat (0=0), the
risk should be zero as this mode! provides; additive modeils would have a residual risk. In the
muttiplicative model, eliminating any one factor to zero (or near zero) reduces the risk to near
zero (e.g., low importance leads to low risk regardless of other factors).

The countermeasures that reduce the risk associated with an asset may be designed to reduce
the occurrence factor (e.g., make the asset less accessible), the vulnerability factor (e.g.,
harden the facility to reduce damage), or the importance factor (e.g.. add redundant facilities to
reduce dependence on the asset)
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Task Order DTFH61-06-T-70006

Table of Values

Task

3

4

6 50%

6 50%

6 100%

7 75%

7 100%

875%

8 100%

Start

15-Aug

15-Aug

15-Sep

1-Decg

1-Dec

1-Mar

1-Jun

End

15-Dec

15-Dec

2B-~Jan

2-Mar

15-Feb

31-May

15-Aug

30-Jun

15-Bep

30-Jun

31-Aug

Tatal

564,791

$104,00
B

$57.254

$85,450

$121,637

377,843

$18,272

invoice

31-0ct

28%

28%

30-Nov

50%

60%

30%

31-Dec

160%

100%

60%

31-Jan

100%

28-Feb

B5%

35%

31-Mar

100%

30-Apr

31-May

75%

30-Jun

850%

60%

31-Jul

3t-Aug

100%

100%

30-Sep

100%
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Milestone Schedule

PROPOSED COMPLETION
TASK RFP COMPLETION DATES DATES

Notice to Proceed September 1, 2006 Seplember 1, 2006
Kickoff Meeting 2™ week in September 2006* | December 4,5,6, 2006
Task 2 December 15, 2006 December 15, 2006
Task 3 December 15, 2006 December 15, 2006
Task 4 January 28, 2007 January 26, 2007
Task 5 March 2, 2007 March 2, 2007
Task 8

50% Draft Specification and Manual | December 31, 2006 February 15, 2007

90% Draft Specification and Manua! | May 31, 2007 May 31, 2007

100%  Draft Specification and Manual | August 15, 2007 August 15, 2007

interim Report Tasks 210 6 July 15 2007 July 15 2007
Task 7

Draft June 30, 2007 June 30, 2007

Final September 18, 2007 September 15, 2007

Task 8 — Executive Summary
Draft 4 to 6 page summary
Final 4 to 6 page summary

June 30, 2007
August 31, 2007

June 30, 2007
August 31, 2007

Task 8 — 13 hour slides
Draft
Final

June 36, 2007
September 30, 2007

November 30, 2007
January 31, 2008
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THE AASHTO GUIDE METHOD

For Bridge, Tunnel, And Highway
Infrastructure Terrorism-related .
Risk Management

Purpose of the AASHTO Guide

Tir Guide was developed as a ool for State
DOTs o:

- Agsess the vulnersbifities of physical
assets such as bridges, tuonels, roadways,
and inspection and 1raffic operation
facilities

~ Develop pessible countermeasures 1o
deter, detect, and delay the impact of
threats o such assets

— Betermine the capital and operating costs of such
couniermeasures

- improve security operational planning far befter
protection against future acts of tewrorism

30t et ki n e Kok B ot AUH P St i

AASHTO Guide Format

+  “How to" Guide, not research report format

«  Two volumes:
1. Guide: Brief Introduction, methodology overview, six
steps, and illustrative examples

2. Appendix Background, coples of worksheets,
acronyms, bibliogmphy, individuals contacted, and

ilustrative practices
= Six step methodology including:
-~ Objective
- Approach
—  [Husmative example
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Compenents of Risk Manapement in
Assessing ap Individual Facility

{Raf: Bhie Ribbum Pamd o Srichee e Tesnol Securky, FHWAIALSHT, 085

FacSty Risk Searp (RS)
¥
]

Risk Management Orientation

{from seizmic reina il practicc)
“Criticality” {z technical given}
‘Threat (an uncontyollable externality)
Vulnerability (controllable)

Risk =

+ Vulnerability = f {I}u'eat —cauntenncasures}
« Owiuer policy implications:

+ gonlrol sk wilh countermeasures
* recognize costrisk rade-oifs

Ry gt Hiftm 3y atriirisne 3k Mgt - AP Sl iy Cresc:

Risk Assessment Typically Occurs in 3
Major Phases:

1. Pre-Assessment
2. Assessment
3. Post-Assessment

51




B o0

Phase 1: Pre-Assessment

Assemble the risk management team

7!

Phase 1: Pre-Assessment

+ Conduct team training exercises

+ Make contact with external organizations

=« Plan and schedule the risk management

process

"« Collect the required resources

e T it SalyTome N
Required Resources and Level of Commitment
+ Asset Data » Consequence Data
National Bridge Inventory « Countermeasures Data
System
Hydrologic Data = Cost Data
: = Policies, Plans, and
« Threat Data Procedures
Metesrologists . : .
Seismalogists Pcrsonnel‘{mtcrwews)
Coastal Flood Experts ~ *+ Cvographic

e 00

« Vulnerability Data

Information Systems
{snaps, drawings}

g et Ty Wl e e s Mamapftins - MR $rd et

nr

52




Phase 2: Assessment

Conduct Steps } to 3 of Risk Management

Stop 1: Identify Stop 4: tdentify
Criticat Assets Counlenmessures

Step 5; Estimate
Slep 2: Assess tountermeasures

ValnerabHitles Cost

Step 3: Assoss Etop B: Hoview
£onsequences Operational
Security Flanning

s o e ok Wi Uik U g A ot b S

Phase 3: Post-Assessment

» Conduct Steps 410 6

Step 1: identify Siep J: fdentity » Bevelop a strategy
Critical Rospts Countermessures . .
for implernenting
Step 5: Estimate the recommended
Step 2: Assess Cauntermaasures .
Vidneeabilitios Lost SounteTmeasares:
~ Cost-benefit
Stop 3: Assess Step & Review anzlyses
tonseguences Opurational ~ Trade-ofl studies

Sceurity Planning

- Procuring equipment
and services

14

Overview of the 6 Step
AASHTO
Risk Management
Process

Lams 304 i AN oy Covre
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Step 1 - Critical Asset Identification

Objectives

+ Produce prioritized list of highway
transportation assets for valnerability
analysis and countermeasures valuation

» Provide consistent, repeatable, credible,
well-documented process with complete
audit trail of individual and coliective
judgments

+ Ensure that domain expertise is leveraged
efficiently

PV Erndgc T s M imrecam Bek Mgt - NOKR Lt St (it

wn

Step la — Create an all-inclusive list
of critical assets

= “Which assets enable us to achieve our mission?”
« Critical transportation assets fall into 4 categories;

PERSDAMNEL |
+ Contmclon
Morodrsz | v Employees
- Vandors
* Visitor

Sarer W54 -

Critical Asset Relationships

Primary Mission(s)

Operationt  QOperation B Operation Ik

Asset 1
Aszset 2 » Asset category A
Asset 3

Assat 4
Agset 8§ » Asset category B
Asset§

e 2000 RO WA emagrmm 4 v

s
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Observations About Candidate Critical Assets

» Group similar assets into a single asset
categery where all of the individual assets
have similar physical and functional
characteristics and would likely require
similar countermeasures.

+ Define assets al the greatest level that would
be destroyed during an attack.

= Recognize that your mission goes beyond
simply operating and maintaining the physical
assets that you own and operate.

o 30

Candidate Critical Asset List

fer  CRIICAL ASSEY OESERPTIGN
v

Step 1b — Critical Asset Factors

«+ Factors should be relevant to the location and
circumstanices and represent a team perspective.

+ Focus on identifying the minimum set of Critical
Assel Factors that will address major concems.

« Factor values or weights should refect the
priorities and concerns of the area or region.

+ Critical Asset Factors and the values they are
assigned should remain constant throughout the
vulnerability assessment; changes will require 2
re-gvaluation of critical assets.

e g Toamed Pighi y I e Al Hanapomm + KM EP Sl Sty Pt

[
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Step 1b — Establish Critical Asset Factors

“What are the factors that would cause an asset o be

critical to the successfl performance of qur mission? "

= Deter/Defend Factors .

A. Ability 1o Provide Protection Services

Consequences to Public

R, Relative Vulnerability 1o
Altack
= Loss and Damage
Conseguences
€. Casualry Risk
D, Envirenmentat fopact
E. Replacetnent Cost
F. ReplaseoentDown Time

G. Emergency Response Funciion
H. Govemment Congouity

I Military fmpontance
Consequences (o the
General Public

1. Avnilable Altemale

#. Communication Dependency
L. Ecomamic Impact

M. Functiosal Importance

N, Symbolic Importance

e

Step 1b — Weight Critical Asset Factors

Critical A35et Factor

Casualty Risk
Eavironmental Impact
Replacement Cost
Replacement/Down Time

Government Continuity
Miliary Importance
Available Alternate

SEIoMETOWS

ol

Economic [mpact
Fungtional lmporiance
Symbolic importance

zx

Ability 1o Provide Protection
Relative Vulnerability 10 Attack

Emergency Response Function

Comtumication Dependency

Value

. Minitnstly
imporant (o pur
mission

Listle imponance
10 oUr mission

3. Modenate
importance 1o our

dsgion

™

e

. Yery impartant to
our mission
Critieal to the
success of our

tn

— LA e LA LA LA LS L = L ) —

]
i

raission Vi

wir

Modified Critical Asset Factor List

Crticn Asset Facrze
Facrar  Waue

Srief DESCripEG

potential far kast of O Sericus (dury th hianar life Bswociates with an
ATkack on the asset, holh mnmas and ellnrrul {eq. Sue o an explorian,

exm o which iosl d [ sem.\us a.sm:ye 0 the asset {intloding
d eifects} would aftect the BveRhood, resbunces, or wealtiz af
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Step ¢ — Prioritize the all-inclusive
list of critical assets

« Enter the critical asset values (0 or 13 into the table
and calculate the total score for cach asset

« The total score {x) will be used to calculate the
criticality of each asset (X} in step 3

+ Apply a screendng threshold to determine the most
critical assets

il CRTICAL ASSET FALKOR T
Almjcip|®eiFr{ain s lipx]e] m| n; iR
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lustrative “Upper Bound”Conditions
for Applying Factors {o Assets
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Step Zb: Assign vulnerability factors to
the critical assets

VULNERABILITY
FACTOR DEFINITION
Visibility and | Awareness of the existence of the assat
Aftendance | and the number of people typically prasent
Actess lo the | The avaliabliity of an asset fo ingress and
Assel egress by a poteniial threat element
The presence of materials that have
biclogical, nuclear, incendiary, chemical, or
Siifaiapfgﬁc explosive propartios in quantities that would
expend iniial response capabilities if
cornpromised

e P e by M i R Wb WA i sy U e
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Step 1b — Assign vulnerability factors to the critical assets
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Step 2¢ — Score the vulnerability
factor for each critical asset

= Calculate the vulnerability factor {y)} which will be
used to calculate the vulnerability coordinate (Y}

n Step 3
(v} = (A*B) + (C*D) + (E*F)
ERITCA, PULMERLABMUTY FAGYOR T T
i ™ -l [® [ ]el in e
- . [ - [ - L - L] - -

Step 3 — Consequence (Risk) Assessment
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+ Calculale the criticality (X} and
vudnerability {Y) coordinates .
for each quadrant using x and y o

+ Cmax is the maximum possible
Criticality value (Cmax = 43
for the defuult values in Step |)

Step 3a — Plot critical asset
criticality versus vulnerability

"~ [

values derived in Steps { and 2 z S aan

% . areplziny prearery

X = Criticality = (¢/Cmax} * 100 £ o |
> a .

Y = Vulnerability = (y/75) * 108 owy | ety
Criticalty (X}

Foar 30 n,

attention to the consequences
with the loss of these assels.

Step 3b — Consider consequences
for Quadrant 1 critical assets
» Begin with assets in the upper right corner
of the matrix ard work toward the origin.

» Review what makes Quadrant I assets
critical and vulnerable, paying particular

associated

« Use this information in the next step to

assist in identifying appropriate
countermeasures.
N~ —n "

L

Step 4 - Countermeasures

Examply; Maryiand's
COUIMIHERI RS
+ Builtdn maonitors ba bridges
» Motion delecion dovices

Countarmeanuran |+ incroased amed security
ﬂ'ﬂﬂﬂ‘ potactial » Ragular chacking of fruck
A wa f = Apghication of Xray

commtermessares ts [ 1H000Y
E » Impruved rakaing lor tod
| callertors and olher unnel
E permonnel
fi + Enforcement of HAZMAT

Exarsphe: Taras™s Potentiak
Gouyntarmessures for
Bridgas
» Efiminate parking areas
benesth bridge
« Rerstrict ingreas and soresy
rouies {rom ackacent arsas
« Prowcie soditional §phiing
= Limithmoniior attest 1o
plans of axisting bridges
+ Instal motita 3 of
other aChive AaNSOMS
« instaf survedtancs

cHnOtEs

+ Apprine locat law
eaforcanmbat officials of
aritica? bridges

+ Pravide colsmm protection

« Provide pass-throagh in
concreSa mmdian barens

+ lnstak advance waming
|_systom :
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Step 4b — Map countermeasures
to high-priority critical assets

+ Using the countermeasures in Step 44, along
with countermeasures determined by the
team, map the countermeasures to the
crifical assets falling into Quadrant 1

e 20 ridge Vet IeScomtrbors Rith H i | OB e okt ot

Step 4c — Assess countermeasure
* effectiveness

= Assesses how well the application of the
countermeasure reduces either the potential
for or consequences of atlacks on assets
given specific threats and vulnerabilities

+ After applying countermeasures, re-score
Steps 1 and 2 to determine whether or not
the proposed countermeasures shift the
consequences (Sfep 3) into a lower quadrant

o 2004 B e Highn a7 M it et A Wit | ACYOLP 81 Sy G wit

Step 5 - Cost Estimation
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Step 5a — Create countermeasure
“packages”

+ In many cases, combinations of
countermeasures will needed to achieve the
desired vulnerability reduction

+ Package countermeasures in ways that make
sense operationally ard from a valnerability
reduction perspective

» Once viable packages are identified, their
unit costs should be determined using
standard life cycle costing methods

o 00 e [

Step 5b - Determine acquisition,
operation, and maintenance cost of
proposed countermeastres

+ The guide Sumprte Countermeasure
provides a tool Relatlve Cost Range
for assigning Capital Apnuz) Anouat
prﬂliminar}' costs Ievesiment Crperuting Mazinizasnce
1o cach Cosr Cost
tountarmeasure T mioon = —
listed. The ranpes i
are subjective and
M SIHIK ip 50K 10 525K o

dgpc"‘)? OR mAY 500K $250K SLO9K
variables

W hssoK | SEISOK >SI0eK

[y tager Mmagpmen s

Step 5¢ — Apply costs to assets

» State DOTSs can group the assets by type
(similar to the categories listed in Step 1)
and extend the unit price for the appropriate
counterrneasures to the number of critical
assets i each category

-z o S T e e ety Kk g - TR 11 Sy ot hn




Step 6 - Security Operationa! Planning

7} Clarity sacucity
plarring scope snd
wbjwotiven

E Davalop draft
speratiensd plan

7] hubtiwiw trmining and
anercine activities

+ 6a — Clarify security
planning scope and
objectives

- &b - Develop a security
operational plan

s+ 6 - Initiate training and
exercise activities

nar
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Risk Management for Terrorist
Threats to Bridges and Tunnels

Hisk Hanagament HRBE =

Risk Equation

Risk Equation

#R=0*V*]

v R = Risk

» O = Occurrence
= V = Vulnerability
« I = Importance
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Occurrence Factor

+Qccurrence - Likelihood of a threat
occurring against a component
« General likelihood of threat happening

« Likelihood of threat being used against
component

» Target attractiveness
» Access to component

PR ! Fecrransipaann
U oo s vz

Vulnerability Factor

“#Vulnerability — Resistance of a
component to a threat

et e .
LA T et i S Risk Managsrmont

Importance Factor

«Importance — Importance of the
component to the bridge
« Structural
 Historic / symbolic
» Repalr cost
« Time out of service

Risk Marageitnt E!Iﬁ o
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Risk Equation

+{nique to each component for each
threat
*Ry =0, ¥V, %Y

» i = threat
= j= bridge component

Rink Mansgetment m
Process
+Identify components

<+Identify weighting factors
+Identify occurrence factors
< Identify vulnerability factors
<Identify importance factors
+Calculate risk

Risi Management ﬂmﬁﬂ

a 43 s Tt ST AR
oot 31 g BTG

Process (con't)

<+ Identify mitigation strategies

+Reevaluate occurrence and vulnerability
factors

+Recalculate risk

«Compare risk from baseline to one with
mitigation

By, errs v
D e ]

wyw:n-wnmmt. o -M_ v"-" .
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Threats

S ey

Types of Threats

+ Explosive
« Vehicle-Bourne Improvised Explosive
Device (VBIED)
« Hand-Emplaced Improvised Explosive
Device (HEIED)
= Non-Explosive
« Nor-Explosive Cutting Device {NECD)
= Vehicular Impact
« Fire

— o -

Risk Equation

#Ry=0,* V7 L

» R = Risk 2
= O = Oceurrence ‘ Eﬂ’i B
« V = Vilnerabliity e “C 2

« I = Importance
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Risk Equation

SRy =0,V * I

+ R = Risk

+ O = Occurrence

= V = Vulnerability
« I = Imporiance

P =)

Q L R wd SR
# Egernl MOy A T chon

Vulnerability

@V~ relative vulnerability of a given
component, J, given the occurrence of
the threat, 7

« Software available to help get this
information
- 8lastx {Army Corps of Engineers}
~BEL (FHWA}

47 A F I AR
4O A5~ TR R

Vulnerability — VBIED

% VBIED for component destruction
«1.00=<5001b
« 0,90 = 501 - 3,000 b
» 0.50 = 3,001 - 5,000 Ib
« 0,30 = 5,001 ~ 10,000 Ib
» 0,10 = 10,001 — 30,000 ib
« .05 = 30,001 - 50,000 Ib
» 0,00 = N/A or can withstand above

e

H— BK:]
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Vulnerability — HEIED

< HEIED for component destruction
1 00=x<5h
«095=6-10Mk
«070=11-501b
«020=51-1001
« .10 = 101 - 500 lb

« 0,05 = > 500 |b
« 0,00 = N/A or can withstand above
i Managemant TEC ]

Vulnerability —~ NECD

<Time to sever component
» 1.60 = < 30 seconds
» 0,50 = 30 ~ 60 seconds
» 3,10 = 1 = 3 minutes
« 0,05 = > 3 minutes
» .00 = N/A or can withstand above

e w0

e e o Risk Management m%

Vulnerability — Vehicle Impact

«Vehicle size for component destruction
« Lend-based vehicles

~100 = Caror SV 7

~0.75 = Panel van
(H-20)

~0.50 = Semi-truck
{H5-20)

~-G.00 = NJA or can
withstand above
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Vulnerability ~ Vebhicle Impact

+Vehicle size for component destruction
+ Water-based vehicles
—1.00 = Small vessel
—0.75 = Typical vessel
—0.50 = Large vessai
-0.00 = NfAorcan 2
withstand above

Risk Managumiestt

Vulnerability - Fire

<+ Time for component to lose strength
« 1.00 = < 5 minutes
» (.75 = 5— 10 minutes
« 0,50 = 11 - 15 minutes
« (1,25 = 16 — 30 minutes
« .00 = NfA or can withstand above

Exercise

< Determine the vulnerability factors for
the example

e. e
s e ApamT

——
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Risk Equation

Ry =0y * Vi, * L

7
+ R = Risk .3
= O = Occurrence o
» ¥ = Vuinerability W E« 2
» [ = Importance -
Ry e Rk Macgerncnt HiCS

Occurrence

0, ;— relative probability of a threat, /
acfually occurring a egainst a given
component, j

Atibutes
= General likelihood of threat happening
= Likelihood of threat being used against

component
« Target atractiveness
« Acress to component

B e S gt :
Occurrence

‘:’OLJ' = Z(Wfk * ak)

« wf = weighting .7
factor 5‘;—“':{—
« a = attribute + bt :CZ

Pt g s ¢ e

Rick Managenent Mﬂ

R

2 s
T
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General Likelihood of Threat
~Happening

o Likéﬁhood that terrorists prefer this type
of threat

< Ask “How likely are terrorist to use this
threat in your region?”

+Based on counter-terrorism intelligence

++Same regardless of component under
consideration

»Weighting factor = 0.10

st
§ Al Mg KSR

muuw ERGC= 7

General Likelihood of Threat
'Happening

+1.00 = Very likely
#0.75 = Likely .

0,50 = Somewhat likely
# 0,25 = Slightly likely
+0.00 = Not likely

&

Rivk Manago;mnt

ANt e
FECAIN gy IR

Likelihood of Threat Being
Used Against Component

+1f component is attacked, likelihood that
this type of threat would be used

< Ask "How likely would a terrorist use
threat to destroy this component?”

< Do not consider access
Do not cansider required threat
+Weighting factor = 0.25

e 1 TR DA
# echert s M e Ak RO
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Likelihood of Threat Being
Used Against Component
+1.00 = Very likely
+0.75 = Likely
%0.50 = Somewhat likely
0.25 = Siightly likely
+0.00 = Not likely

Rlsk Manidgetmnt

[ s

Target Attractiveness

< Likelihood that terrorist will recognize
that component is critical to structural
stability

«Ask "How attractive is this component
to the bridge?”

< Independent of threat type

+Weighting factor = 0.10

Risk Manmpoment ERDI

[
£ BANGE e LR

Target Attractiveness

21.00 = High
20,75 = Medium
+0.50 = Low

+0.25 = Very low
=0.00 = Not attractive

OF bk s AR
Prciewl wgeryy Lo t-Tan

[
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Access to Component

« Ease of getting threat in the vidnity of the
component

+ Ask “How easy is It to get to the component
before a capable response oocurs?”

<+ Access time vs. response time

< Do not consider time to carry ouk attack
% Do not consider standoff distances

< Weighting factor = 0.55

B2} ity wpeoeoy morircn Rlsk Maragement ERIG o

Access to Component

+1.00 = Completely accessible, RT » AT
0,75 = RT probably > AT

+0.50 = RT = AT

(.25 = RT probably < AT

+0.00 = Completely denied, RT « AT

f"é". RT = Resporise time AT = Access time

L a1 o ™
e R sk Management fily

Risk Management

73
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Mitigation

+Implement measures which are
appropriate and effective for a
particular risk, yet economicat and do
not interfere with a bridge’s operation

Defense Priority

< First priority
» Prepare to respond and recover
<Second priority
« Peter, deny, detect
<Third priority
» Defend with standoff
“Fourth priority
« Defend with structural hardening

S T

e R R
Fegens| =L woy AsraidTia

Exercise

«Determine the mitigated relative risk for
the example

74
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Risk Management for Terrorist Threats fo Bridges and Tunnels

by Shay K. Burrows, P.E'. and Steven L. Ernst, P.E.
Introduction

Bridges and tunnels are vulnerable to terrorist threats. Military tacticians have for
centuries used available technology to destroy or preserve vital crossings, commercial
demolition experts routinely demonstrate the effectiveness of explosives to remove
structures, and a captured Al-Qaeda training manual shows ways to destroy bridges with
improvised devices. Though this vulnerability is well-understood, what is less well
known is the answer to this question: What do we do to protect a vulnerable
transportation system that is so important to the local, national and world economy?

The Federal Highway Administration (FHWA) began to answer this question shortly
after the attacks of September 11, 2001 through a cooperative effort with the US Army
Corps of Engineers (USACOE). The USACOE leveraged years of experience with
military munitions and tactics for using explosives to destroy bridges to establish a
foundation for how to make structures more resistant to attacks.

There are five components to an effective defense that prevents bridges from being
attacked or enables them to survive an attack. Owners must first prepare to respond and
recover from a potential attack. This requires working with police departments and fire
departments, operation centers, maintenance personnel, engineers, and others. With this
preparation in-hand, owners can start thinking on the four “Ds” of defense; Deter, Deny,
Detect, and Defend. Here are some examples:

e Deter ~ make the terrorists know you are watching. Install visible security
measures, such as CCTV cameras, signs, etc., provide routine security
patrols, and improve visibility of critical locations with adequate lighting and
by removing vegetation and other obstructions.

« Deny — don’t allow access to critical locations. Secure access hatches and
doorways, provide area control with fencing or bollards, and prevent
explosives from being placed in small inconspicuous locations.

+ Detect — catch them in the act. Install and monitor CCTV cameras and
intrusion alarms.

e Defend ~ prevent a progressive collapse from an attack. Provide sufficient
“stand off” distance to critical locations or improve member redundancy with
hardening or adding additional load paths. Stand-off can be achieved

! Senior Structural Engineer, Federal Highway Administration ~ Resource Center, 10 South Howard Street,
Suite 4000, Baltimore, MD 21201

? Senior Engineer Safety and Sccurity, Federal Highway Administration, Nassif Building, Reom 3203, 400
7th St., SW, Washington, DC 20590
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permanently or temporarily during an elevated threat level or specific threat
" against the bridge.

gt - — by T = o it '
Figure 1: Secured Figure 2: Fencing to deny Figure 3 Bollards to prov:de
access hatch access to critical locations permanent stand-off

Because protective measures are expensive, it is essential to have a cost-effective
approach to manage the risk in an environment of multiple hazards. Component-level
risk management provides a way to analyze the impact of the security threats to
vulnerable bridge components and help the owner focus spending on those low-cost
improvements most likely to reduce risk. The goal is to manage risk, understanding that
it is not possible to entirely eliminate risk from terrorists whose goal is to create
catastrophic economic and social consequences.

Component-level Risk Management

- This component-level risk management methodology is founded on the basic risk
equation used for other extreme events; Risk = Occurrence x Vulnerability x Importance,
or R=0VI. There are six steps needed to complete this analysis and determine a base risk
for each component.

Identify the critical bridge

Assemble a project teamn

Compile the threats

Identify the bridge’s components

Quantify occurrence, vulnerability, and importance factors
Calculate the base risk

e

1. Identify the critical bridge. The bridge under consideration should be deemed by the
owner to be critical. That means that a risk analysis such as the AASHTO method” has

3 American Association of State Highway and Transportation Officials (AASHTO), 2002, 4 Guide to
Highway Vulnerability Assessment for Critical Asset Identification and Protection, prepared by SAIC,
Washington, DC. Available online at www transportation.org.
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determined that this facility is at high risk relative to other assets, considering such
factors as loss of life, economic consequences including user cost and replacement cost,
threat assessment, and general vulnerability.

2. Assemble a project team. A multi-disciplinary project team is necessary to perform a
component-level analysis and requires experts in bridge design, maintenance, and
construction, emergency response professionals (fire, police, and rescue), blast and
weapons-effect designers, threat assessment experts, local, state and federal government
stakeholders, and others who might provide information or analysis. The team must
gather and analyze data from sources such as inspection and maintenance records, traffic
studies, design drawings, load rating calculations, and emergency response capability and
response times. The data will be supplemented with information gained from site visits
and interviews with responders and users. This detailed information will help the team
determine values for the threats to each component, the vulnerability of each component
to every possible threat, and the importance of each component to the structure.

3. Compile the threats. Not all threats are effective to destroy a bridge component or to
damage it sufficiently to cause instability leading to a bridge failure, and some threats,
such as airplane impact or military weapon attack are very difficult to prevent or protect
against. Only those threats that are controllable, plausible, and serious enough to cause
catastrophic damage should be considered in this methodology. The terrorist threats we
consider are: Vehicle- or vessel-borne improvised explosive devices (VBIED), band-
emplaced improvised explosive devices (HEIED), non-explosive cutting devices
(NECD), vehicle or vessel impact (V1), and fire. Other threats can be added depending
on site-specific threat information.

4. Identify the bridge’s components. The team must determine which components are
important using engineering analysis done by design experts who must determine
collapse mechanisms and conditions that may keep a bridge out of service for and
extended time. For this determination, the design expert should involve all stakeholders
to define the degrec of risk that is acceptable. One might ask the question, “Should we
consider damage that causes no collapse or should we set the threshold at easily
repairable damage?”

It may be necessary to consider components more than one time, based on location,
function, traffic configuration or other considerations. Consider a stay cable for example.
At deck level the stay cable is exposed to vehicular traffic, but at the connection to the
tower, it is far away from and relatively invulnerable to a vehicle bomb. Because the
total risk to the cable will be different based on location, the analysis requires separate
components for the cable at these two locations. Applying this concept over the entire
bridge will result in many components to be matched against every threat.
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Figure 4: Example bridge showing components to consider

5. Quantify occurrence, vulnerability, and importance factors. The occurrence (O),
vulnerability (V), and importance (1) factors can be related to the threats considered, the
components identified, or a combination of both. The occurrence factor captures the
likelihood of each threat being used to attack each component. The vulnerability factor is
a measure of the resistance of each component to each threat under consideration. The
importance factor captures the importance of the component to the bridge, structurally,
historically, and due to its cost and time to repair. Each of the values for O, V,andlis a

number between 0 and 1.

6. Calculate the base risk. Multiplying the O, V, and I factors together will determine
the base risk (R) for each component and threat combination. Its value will also be a
value between O and 1. It is important to note that risk can never be entirely eliminated
(it cannot be 0), though it can be very low. Also, the base risk score isnot a
determination of absolute risk, rather it can be used to measure relative risk. The
combinations that result in the highest scores are at more risk than the ones with lower
SCOTES.

Mitigation

It is reasonable to concentrate protective measures on those things that can reduce the
scores for those components at highest risk. Mitigation schemes are applied one at a
time, the values that contribute to the risk score are re-evaluated, and a new, mitigated
risk score is calculated. The difference between the base risk scores and the mitigated
risk scores provides an indication of the relative risk reduction and a measure of benefit
from the mitigation measures. This process is done for each protective measure and for
reasonable combinations of measures. 1t is also critical to have good estimates of the cost
for each proposed mitigation, so that the benefit from risk reduction can be compared to
this cost. It is not reasonable to reduce risk at exorbitant cost.” One aim might be to level
the risk scores using less expensive measures.

In the end, only the owner can decide how much risk to accept and how much money
should be invested to protect against terrorism. These investments must be considered
along with multiple hazards that may impact their infrastructure, and this methodology
provides a way to prioritize for decision-makers a reasonable list of projects and
objectives to be included in a spending program. Owners must consider these options in
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the context of their strategic agenda and within constraints of political and social agendas,
understanding that some risk must be accepted and managed.
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Western.

Ray, James, 2005, “Risk Based Prioritization of Terrorist Threat Mitigation Measures on
Bridges,” unpublished report.

Sidebar

The Federal Highway Administration has developed two security workshops; one to raise
awareness of terrorist threats to bridges and tunnels and another on risk management.
These workshops are targeted to State highway agencies and other bridge and tunnel
owners. The Risk Management for Terrorist Threats to Bridge and Tunnels workshop 1s
1 172 --days long and is designed to give engineers and managers the understanding to
develop a cost-effective risk management plan for a structure using a component level
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analysis. More specifically, students will learn to identify strengths and weaknesses of
bridge and tunnel components, the damage to be expected for terrorist threats, and how to

“ analyze the risk of each component to a specific threat. The First Responder Awareness
to Terrorist Threats for Bridges and Tunnels workshop is 1/2—day long and is designed to
give “First Responders”, such as law enforcement personnel, inspectors, and other
emergency responders, an overall awareness of terrorist threats and structural
vulnerabilities.

Contact Shay Burrows at (410) 962-6791 or shay.burrows@dot.gov and Steve Ernst at
(202) 366-4619 or steve.emst@dot.gov for more information.
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Attachment B

Revised Meeting Agenda



Tentative Schedule for Dec. Kickoff Meeting (11-30-06)
When: Dec 4, 5 & 6— to be finalized next week

Where: Gainesville — FDOT will supply vans and meeting room for one day

Contact person in Wm'’s office: Linda Ryan (Linda.ryan@dot.state.fl.us)

Dec 5 —Joint Meeting

8:30 -12 Combined meeting
e Introductions

¢ Review of minutes from last meeting
e Presentation on Risk Analysis by Steve Ernst of FHWA
e Coastal Eng 101
e Intro to wave tank visit - Max
e Possible basis for design cases — Jeff and all
12 -1 Lunch

1PM Leave for U of F wave Tank
3:30 Return to meeting
e How does project fit in big picture? What is already available?
What other work is underway at state and federal level?
Philosophy
Review of progress on related FDOT projects.- Max and Dennis
Task Force presentations
Progress on Tasks 2,3, 4 and 6
o Status of Lit Survey and Damage Types — JMK
o Wave loads — JMK, Max, Jeff
= Basis of decision
» Wallingford, Douglas and Modified Kaplan
» Test matrix
Screening Process Update
Review Retrofit Manual Outline
Retrofit concepts — Wagdy
Cost effectiveness memo by Mike Knott — reported by Jeff

O O0OO0O0

5:00 Adjourn
Dec 6

8-4:30 Meet with TF
e Continue progress on Tasks 2,3 and 4 - continued



TF feed back and direction
Scope/Work Plan

Expectations

Products

Set date for next combined meeting



Attachment C

Dr. Sheppard’s Presentation on:
Terms and Definitions



Background

m Storm Surge
= Wind Setup

= Wind Waves Storm Surge
= Wave Loading

Storm Surge Mechanisms

1000 Bres s Storm Surge Mechanisms

Wind Stress

ATMOSPHERE

. ATMOSPHERE .
High Wind

Pressure High Velocity

Low Pressure

Pressure

i I




Storm Surge Mechanisms
Wave Shoaling

ATMOSPHERE

w

_-"'Ff

—

é_/* Ocean Bed

Katrina Storm Surge
Saint Louis Bay Bridge

Water Surface Elevation (m-MSL)

-1 T T T T T
8/28/05 8/28/05 8/29/05 8/29/05 8/30/05 8/30/05 8/31/05
0:00 12:00 0:00 12:00 0:00 12:00 0:00

Date

Storm Surge Mechanisms
Wave Setup

ATMOSPHERE

Wave Set-Up
Breaking Waves

Surf Zone

Bed

Wind Setup




Wind Setup

A Wind Waves

Profile

Wind Setup in a Bay

Wind Generated Waves Wind Generated Waves

m Definitions:
= Wave Height — Distance from trough to
crest

= Significant Wave Height — Average height
of 1/3 highest waves

= Wave Period — Time required for one wave
to pass a fixed point

= Peak Period — Period of waves with most
energy




Wind Generated Waves

Hurricane Wave Field
Composed of Waves
with Range of Heights
and Periods

Wave Height Limitations

m Water Depth:
H < 0.7d,

m Wave Steepness

H < 0.020 g T? [tanh(kd,)]’

Wind Waves

Height and Period (Length) Depend on:

= Wind Speed

= Wind Duration
= Fetch Length
= Water Depth

Fetch Length

A Vilocity Profile

— Wind Duration




Influence of Fetch Length

Fetch Length — Wind Duration

Significant Wave Height Versus Fetch Length

Depth =35 ft Maximum Height
Wind Speed = 100 miles/hr /

Required Duration ~ 75 minutes

Significant Height

Wave Height (ft)

4 6 8

Fetch Length (miles)

Water Level - Wave Parameter
Issues

= Design Event
= Storm surge
Water Level - Wave Parameter = Wind setup
Issues = Wave height and period
= Joint Probability

= SITE SPECIFIC




Hurricane Ivan Parameter Phasing

WSE (m-MSL)

Bridge 1

Atthe US-98 Bridge

Wind Setup —— Surge —— Surge and Wind Setup ——Wave Crest Elevation —— Significant Wave Height

VAN

/

130
Time (hours)

Wave Height (m)

Joint Probability of Storm Surge, Setup and Waves

mall Tidal Inlet
Srpadl. Tidal e Sterm Surge (Dpen Coast)

AN

Wind Setup (Bridge S4u)

Hurricane Ivan Parameter Phasing

WSE (m-MSL)

Comparison 16000 meters Upstream of US-98

'Wind Setup — Surge —— Surge and Wind Setup —— Wave Crest Elevation — Sigrificant Wave Height

.5

NN

110 120 130 140 150
Time (hours)

Wave Height (m)




Hurricane Ivan Parameter Phasing Water Level - Wave Parameter
Issues

m Example — Particular Location

= 100 year event (1% probability each year)
= Storm surge (FEMA, other)
= Wind setup
= Wave height and period

= Joint Probability

Comparison 22000 meters Upstream of US-98

Wind Setup —— Surge — Surge and Wind Setup ——Wave Crest Elevation — Significant Wave Height

WSE (m-MSL)

Horizontal Velocity Profile Under A
Storm Surge/Wave Forces Wave Crest - Example

m Storm Surge/Wave Forces Depend On:

= Water elevation “Surface velocity = 24 fUsec = 14 knots = 16.4 mithr
= Wave heights and periods
= Water particle velocity
= Water particle acceleration
= Structure shape, dimensions, and elevation
relative to the storm water level

@
o

ate (ft)
in
]

.
=1

|rW.1|e( Depth=351 |
Wave Height =22 1t
Wave Period = 6 sec|

Vertical Coordin
a N W
=] o

o

o

10 15 20
Horizontal Velocity (ft/sec)




Surge/Wave Forces Force and Moment Calculations

Instantaneous Wave Forces on Bridge Span
Span Crose-section = Four Methods Being Considered

v Entrapped Air
— 1/_\ g = Modified Kaplan - DMS
- Stom Water Level = Wallingford | - JS
[ MeanWaterLevel = Wallingford Il - JS
= Douglas - JS

Horizontal Forces Vertical Forces
Fdrag = Drag Force Fdrag = Drag Force
Finertia = Inertia Force Finertia = Inertia Force

Feam = Change in Added Feam = Change in Added
Mass Force Mass Force
Fp, = Buoyancy Force




Attachment D

Dr. Sheppard’s Presentation
On
Laboratory Testing in U of FL



Wave Tank Tests

= Need Sufficient Measurements to Identify
Components of Horizontal and Vertical
Forces

= Instrumentation
= Four three-component load cells
= Pressure transducers on top and bottom
= Wet/dry sensors on top and bottom

Test Setup

Wave Tank Tests

= Wave Tank
= 6 ft wide x 6 ft deep x 120 ft length
= Random wave generator

Laboratory

Test Setup

.




Phase | Test Sequence Phase | Wave Conditions

= Non Breaking Monochromatic Waves
m Bridge Deck Only Tests (completed) = Wave period
= Generic flat deck structure = Wave height
= Test instrumentation = Water depth
= Bridge Deck with Girders (in progress) = Deck elevation relative to storm water surface
= Common bridge superstructure design = Random waves
= Potential for air entrapment — increased = Significant wave height
buoyancy = Peak period
= Increased horizontal forces = Water depth

= Deck elevation relative to storm water surface

Phase Il Test Sequence Phase Il Wave Conditions

(proposed) = Non Breaking Monochromatic Waves

. = Wave period
= Slamming Force Tests = Wave height

= Modified instrumentation to determine = Water depth
= Magnitude

= Duration
= Spatial extent = Random waves

= More rigid model support structure = Significant wave height
= Peak period
= Water depth
= Deck elevation relative to storm water surface

= Deck elevation relative to storm water surface




Phase Ill Test Sequence Phase Ill Wave Conditions

(proposed) = Breaking Monochromatic Waves

) ) ) = Wave period
m Bridge Deck with Girders = Wave height

= Common bridge superstructure design = Water depth

= Potential for air entrapment — increased
buoyancy

= Increased horizontal forces

= Deck elevation relative to storm water surface

Preliminary Laboratory Tests
Measured and Predicted
Forces




Attachment E

Dr. Sheppard’s Presentation
On
Methods of Calculating Wave Forces



Wave Forces on Bridge Outline
Dec kS m Motivation For, Objectives OF Study

m Background
D. Max Sheppard = Wave Loading Problem
OEA, Inc.

University of Florida = Screening criterion — existing bridges
= Design event

Phl| Dompe = Environmental parameters
OEA Inc. = Wave force and moment computation

= Structural response
Justin Marin = Retrofit options — existing bridges
University of Florida - Summary

Motivation Bridge Failures

= Recent Bridge Failures Attributed to Storm
Surge/Wave Induced Failures
m |-10, Escambia Bay (Pensacola, FL)
= US-90, Biloxi Bay (Biloxi, MS)
= US-90, Saint Louis Bay (Bay Saint Louis, MS)
= |-10, Lake Pontchartrain (New Orleans, LA)

Biloxi. MS Biloxi. MS



Objectives of Florida and
National Projects

m Develop screening criterion

m Develop different level methods for
establishing design surge, setup and wave
parameters

m Develop/adopt method for estimating
surge-wave forces and moments on bridge
decks

m Develop retrofit options for existing bridges

Water Level - Wave Parameter
Issues

m Design Event

m Storm surge

= Wind setup

= Wave height and period
= Joint Probability
m SITE SPECIFIC

Water Level - Wave Parameter
Issues

Bridge 1




Joint Probability of Storm Surge, Setup and Waves

all Tidal Inlet
Srpadl. Tidal e Steem Surge (Dpen Coast)

Storm Surge (Bridge Sio)

Wind Setuqd (Bricge Site)

Hurricane Ivan Parameter Phasing

WSE (m-MSL)

Comparison 16000 meters Upstream of US-98

Wind Setup — Surge — Surge and Wind Setup —— Wave Crest Elevation — Significant Wave Height

110 120 130 140 150
Time (hours)

Wave Height (m)

Hurricane Ivan Parameter Phasing

WSE (m-MSL)

Atthe US-98 Bridge

Wind Setup —— Surge —— Surge and Wind Setup —— Wave Cres! Elevation —— Significant Wave Height
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Water Level - Wave Parameter

Issues

m Example — Particular Location
= 100 year event (1% probability each year)

= Storm surge (FEMA, other)
= Wind setup
= \Wave height and period

= Joint Probability

Horizontal Velocity Profile Under A
Wave Crest - Example

Vertical Coordinate (ft)
- ) w ry o -]
o =] o o =]

o

<

*Surface velocity = 24 fi/sec = 14 knots = 16.4 mithr

|rW.1Ie( Depth=351

Wave Height =22 1t

Wave Period = 6 sec|

10 15 20
Horizontal Velocity (ft/sec)

Storm Surge/Wave Forces

m Storm Surge/Wave Forces Depend On:
= Water elevation
= \Wave heights and periods

= Water particle velocity
= Water particle acceleration

m Structure shape, dimensions, and elevation
relative to the storm water level

Surge/Wave Forces

Instantaneous Wave Forces on Bridge Span

Span Cross-section

7_& _ Entrapped Air
£l
bR
-

Storm Water Level

Mean Water Level

Horizontal Forces Vertical Forces
Fdrag = Drag Force Fdrdg = Drag Force
Finertia = Inertia Force Finertia = Inertia Force
Feam = Change in Added Feam = Change in Added
Mass Force Mass Force
Fp, = Buoyancy Force




Force and Moment Calculations

m Four Methods Being Considered
= Modified Kaplan - DMS
= Wallingford | - JS
= Wallingford Il - JS
= Douglas - JS

Kaplan Method

m Extension of Morison Equation Approach
= Add mass time dependent

F, =Forag + Firertia — Foam

rag Inertia

I:V = FBuoyancy + I:Drag + Flnertia x FCAM

Wave Forces
Modified Kaplan Method

Kaplan Method

F

Drag

o« pA|V|V
_ dm@VE)] _ dm(t)
inertia dt dt dt

dv(t)

F Vi+m—-

change in added mass




Kaplan Method

m Developed for Offshore Platforms
= Small structures relative to wave lengths
= Flat plate decks
= Long waves (low frequency) T ~ 14 -18 sec
(wave lengths ~ 960 ft to 1440 ft)

Modified/Extended
Kaplan Method

m Developed for Bridge Super Structure
Shapes
= Girders — possible air entrapment

m Shorter waves T ~ 4 - 8 sec
(wave lengths 80 ft to 225 ft)
= Larger velocity and acceleration gradients
m Larger buoyancy force gradients
= Larger change in added mass components

Kaplan Method

Modified/Extended
Kaplan Method

= Moments as well as forces essential to
computing structural response

Buoyancy Force
f /Waler Surface
Horizontal TR e
Dynamic Force g *
Drag + Inertia

Dynamic Force
Drag + Inertia

Vertical



Modified/Extended Kaplan Method

= Vertical Force
= Qusi-stationary force
= Slamming force

Samming
Force

‘L < Qusi-Xationary

Force

Modified/Extended Kaplan Method

Qusi-stationary Force

|:H = I:Drag + Flnertia + I:CAM

I:V = I:Buoyancy + I:Drag + I:Inertia + I:CAM

Modified/Extended Kaplan Method

m Slamming Force
= Magnitude?
= Duration?
= Spatial distribution?
m These Questions Must Be Answered

Before its Impact
on Structural
Response Can
Be Determined

Modified/Extended Kaplan
Method

Qusi-stationary Force

dt * Fdrag
d(m,V) 1
= T+§p LwC,V |V| e

buoyancy

= mv + maﬂ
dt




Modified/Extended Kaplan Method i
Modified/Extended Kaplan Method

b(t)+ \bit) and Inertia Coefficients

it = Wave Tank Tests at Coastal Engineering
' Laboratory at University of Florida

a

2 = Need Laboratory Data to Determine Drag
m, = added mass = ”pl(t)b(t)[q C, h(t) h(t)]

4 1+('b(t))2

p =Density of Water
b= Wetted Span Width
I= Span Length

h= Wetted Span Height
t= Time

Measured & Computed Vertical Force Measured & Computed Vertical Force

Deck with Girders

Earlier Results for Deck Only

Deck with Girders : Predicted vs. Measured
Comparison of Experimental Data vs SeaBE for the Z Direction Zc=0, T=20sec
T=20s, H=.77ft - 81ft, h = 2.2ft, Yc = .22ft

[— Measured
|—Predicted
200

— mov avg

150 q
" A A
50

\ J\ =
.6 -6 271 27.

0 // . . .
ds 21 28 0

26,
-50 -
-100
T T T
14 145 15
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w
2
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=3
@
<
=}
iy
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Measured & Computed Vertical Force

Deck with Girders Fleld Validation

Deck with Girders : Predicted vs. Measured

7m0 T=28sec = |-10 Escambia Bay Bridges - lvan
“hovag = |-10 Lake Pontchartrain Bridges — Katrina
e = Hurricane Hindcasts Exist for Both Bridges

= Damage Information Exists

N
o
S

Force Z (Ibs)

a
<3

Time (sec)

Field Validation

I-10 Escambia Bay - Ivan

Points about which Span Cross-section

+Moment
moments are taken

X
Wave Direction

Storm Water Level

Sorm Suge‘ Mean Water Level

Bed

a= Girder Height (thickness) d_= Sorm Water Depth

b = Deck Height (thickness) Y, = Distance from Storm Water
BL = Bridge Span Length Level to Bottom of Girder
BW = Bridge San Width




[-10 Escambia Bay - Ivan

I-10 Escambia Bay Bridge Spans

Modified Kaplan
EfpiE Force
(kips) Resistive Force (kips)

Moment about Trailing Edge
Modified Kaplan

Moment Resistive Force

(ft-kips) (ft-kips)
-4,784 to -7,667 9,495
-9,861 to -16,105 9,495

[-10 Escambia Bay Bridge Spans

m Approximate Maximum Resistive Forces and
Moments

s Maximum Vertical Force = Weight + Tie-Downs =

236 + 326 = - 566 kips

= Maximum Moment about Lower Trailing Edge

= (238 x 17.5) + (164 x 32.5) =[9,495 ft kips

Summary

= Objectives
m Develop screening criterion

m Develop different level methods for
establishing design surge, setup and wave
parameters

= Develop/adopt method for estimating surge-
wave forces and moments on bridge decks

= Develop retrofit options for existing bridges
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Summary

m Challenges

= Determining design parameters

= Joint probability of storm surge, wind setup, wave
parameters

= Determining wave forces and moments
= |dentifying/Developing retrofit options

Questions,
Comments

Summary

= Progress

= Progress on Screening Criterion

m Ready to start comparisons of different
methods for computing wave forces and
moments

= Generating information needed to analyze
joint probability of environmental parameters

= Work initiated on retrofit options

11



Improve Wind Alignment Criteria

= Based on durations for wind directions
from hindcast events

m Update hurricane path statistics

Landfall at the Eye of the Hurricane
(Angle Relative To Path)

Duration Wind Speed Exceeds 75% of Maximum Wind Speed

12



Landfall 12.6 Mile to the Right of Forward Motion
(Angle Relative To Path)

Duration Wind Speed Exceeds 75% of Maximum Wind Speed

Landfall 25.1 Miles to the Right of Forward Motion
(Angle Relative To Path)

A

LSS
RS

Duration Wind Speed Exceeds 75% of Maximum Wind Speed

13



Attachment F

Mr. Shelden’s Presentation
On
The Basis of Existing Codes,
Wallingford’s Method, and,
Proposed Design Criteria



Huntington Beach Pier, California
(1988 Storm)

Catalina Island Ferry Terminal, 1960’s
Hs= 10 feet, Tp = 7 sec, Still Intact

rest Elevation

AT it Wave forces on jetties

water level

Definition of “basic” wave forces F.* and F.*.
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Ratio of impact forces to quasi-static forces

Proposed Design Approach

Load Factor Equation

- (1.25 0r 0.9)DC + (1.5 or 0.65)DW + (?)WS + (?)SC +
(wWv

Force=f(Surge,H,a,b)

Need COV for Surge & H for Monte-Carlo

Simulation

Ref: PIANC Working Group No. 12

“Uncertainty Related to Environmental Data and

Estimated Extreme Events,”

Burcharth, et.al




Proposed Design Approach

Uncertainty

— Errors in Calculation Methods
— Extreme Value Analysis

* Recommend COV 0.3
« Recommend 100-year Event as Basis

—100-yr surge w/ associated wave, wind, scour
—100-yr wave w/ associated surge, wind, scour

Proposed Design Approach

e Three Levels of Analysis

— Level I Existing Data — may be too
conservative (FEMA, ASCE-7)

—Level II: Intermediate — Refine items with
greatest uncertainty or conservatism
— Level lll: Extensive numerical modeling and

statistical analyses
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