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g Workéhop Ouﬂine

e Introduction 8:30-8:35
* Objectives - project, workshop 8:35-8:45
¢ Background 8:45-9:05

* AASHTO Guide Specification

o Levels |, II, Il analyses

« Surge/wave force and moment equations
* Level Ill met/ocean analysis 9:05-9:25
* Bridge vulnerability analysis 9:25-9:45
* Break 9:45-10:00
¢ Use of Storm Surge/Wave Atlas 10:00-11:30
* Additional work 11:30-11:50
* Questions/Comments 11:50-12:00

EINTERA

Introduction

* Presenters
* D. Max Sheppard — OEA/INTERA
« Phil Dompe — OEA/INTERA
* Other Contributors
* ZhengZheng Fu — LADOTD
« Stephanie Cavalier - LADOTD
* Huseyin Demir — OEA/INTERA
« Jacob McBee — OEA/INTERA
* Brian Lampp — OEA/INTERA
* Mark Gosselin - OEA/INTERA
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Obijectives

* Project
* Analyze vulnerability of LADOTD coastal bridges to
storm surge and wave loading (surge/wave loading)

« Develop a Surge/Wave Atlas for Louisiana coastal
waters
* Workshop
* Present overview of project
» Tutorial on use of Atlas and its contents

Background

* Major coastal bridge losses in recent history due to
storm surge/wave loading

110 Bridges over LaM

Bridge Failures  nevortms ta




Pensacola, FL

Biloxi, MS Biloxi, MS

— e
~110-Escambia Bay Span Tie-Down
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Bridéé FaiIUres

Background (cont.)

* FHWA - AASHTO, FDOT Studies

* Objective

« Develop tools for computing surge/wave loads on bridges

* Methodology
Develop mathematical model for forces (predictive
equations)
Conduct wave tank tests to calibrate and test math model
Validate model with field data
Use model to generate data for wide range of structure and
surge/wave conditions
Use data to develop parametric equations for AASHTO
Guide Specification




Development of AASHTO Equations

Developed
Mathematical Model
atUF

OFA Developed Computer
Pragram (PBM] to
Evaluate Math Model

|UF Wave Tank Force and Moment Tests
(1100 Tests)
Laboratory Data Used to Determine
Drag & Inertia Coefficients
FHWA Added Mass Tests

Madels Verifyed with Field Data
110-Escambia Bay Bridges

Used PBM Model to Generate Data
(Numerical Experiments)

Used Data to Develop
Parametric Equations
in ARSHTO Code

Surge/Wave Loading

* AASHTO Code: “Guide
Specification for Bridges
Vulnerable to Coastal Storms”

» Developed by: Modjeski and
Masters with OEA, Inc.
providing the surge/wave
procedures and development
of force & moment equations

Background (cont.)
* Parametric equations in AASHTO Guide Spec
» Envelope surface fits to data
« In general, are conservative by design
Near Envelope Curve Fit lllustration
E=INTERA
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Information Needed to

Compute Loads
¢ Design (100-year) storm water levels

» Design (100-year) wave heights and periods

» Superstructure design, dimensions, elevation,
orientation

* Force and Moment predictive equations

EINTERA

Background (cont.)

* For surge/wave loads need 100-year met/ocean
conditions

* Maximum storm water level and wave height
* AASHTO Guide Spec outlines 3 levels of analysis
« Level | — uses existing data (very conservative)
« Level Il — more effort than Level | (conservative)
e Level lll — most effort and most accurate

EINTERA

Background (cont.)

» Level lll analysis performed for this project

» Hindcasted all major tropical storms and hurricanes

that have impacted Louisiana Coastal Waters in last
156 years

» Performed extreme value analyses on hindcasted data
to obtain 100-year met/ocean parameters

EINTERA

3/20/2014




Hurricﬂane Paths that Occurred
Before 1920

Hurriéane Paths that Occurred
After 1920
AN

Extreme Value Analysis

» Data extracted from surge/wave solution files
* Maximum water elevations
* Wave heights at time of maximum water elevation
* Maximum wave heights
» Water elevation at time of maximum wave heights
* Extreme value analysis
» Obtain 100-Year maximum water elevation throughout

study area
» Obtain 100-Year associated wave heights throughout
study area
EINTERA
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Extreme Value Analysis

* Extreme value analysis (cont.)
» Obtain 100-Year maximum wave heights throughout
study area
» Obtain 100-Year associated water elevations
throughout study area

EINTERA

Backgkbur{d (cont.)

* Forces and Moments
» Forces and moments on bridge superstructures more
complex than those on substructure
» Vary in both time and space as wave progresses past
structure

* Moments as well as forces important

Buoyancy Force
/ Water Surface

[/ -

Horizontal PP —
Dynamic Force -
Drag + Inertia

T [—

Background (cont.)
* Mathematical model

Horizontal Forces

FH = FDrag o+ I:Int-:‘r‘(ia * FCAM ° I:Slamming

Vertical Forces
I:V = FBuoyancy + FDrag + I:Inertia + FCAM + I:Slamming

EINTERA
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Surge/Wave Forces

1
Foag™ quvahd

F

Inertia

=C

d(m,V
Inertia (me ) = (Ccam dme V o+ Cmme dV]
dt dt dt

FBuoyancy: ng
where * = wetted volume

m,= effective mass =
mass displaced + added mass

EINTERA
Surge/Wave Forces (cont.)
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Change in Added mass
1+1[&]0‘4 {2%—7“/2%2}+
din, oalw? 2\w W W2+l

dt WZ% 1[&]&4 %7%
4{1{?) } 5\W) (b, W
d
p =Density of Water
W = Wetted Span Width
L= Span Length

b, = Wetted Span Height
t= Time

EINTERA
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Water Motion in Waves

Velocity
— e
= W\W-
= { §\ = A § =  Example
= Z N = 5 N = Wave
= : = : = Kinematics

Water Depth = 30 ft,
Acceleration Wave Height = 10 ft,

. Wave Period = 5 sec
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Background (cont.)

* Wave tank tests at the University of Florida

PBM

» Evaluates storm surge/save force and moment
equations at each element and at each time step

¢ Has built-in nonlinear wave model to compute wave
velocities and accelerations

3/20/2014
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Evaluation of Equations

* OEA/INTERA developed an in-house computer program
“Physics Based Model” or “PBM” to evaluate the
equations

Span Cross-Section

Background (cont.)
« Model vetting
- 1-10 Escambia Bay Bridges — Hurricane lvan 2004
- Refined Hurricane Ivan hindcast
- Good span by span damage assessment
- Estimate resistive force for each span
- Vertical Force

- Dead weight
- Tie-down strength

1-10 Bridge Spans Distroyed By Buoyancy and Wave
Forces in Hurricane Ivan

Total Downward Force (Weight + Tie-Down Bolts) = 602,000 Ibs

11



Background (cont.)

+FBM Macirum Puzave Verical Force (14% Ax Entrapmer) FEM Macimum Fosivve Verical Fice (Mo A
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Background (cont.)

* Model vetting
« 1-10 Lake Pontchartrain and
US-11 Bridges — Hurricane
Katrina 2005
- Refined Hurricane Katrina
hindcast
- 1-10 experienced failures
and US-11 did not

/ November

+ 1-10 Lake Pontchartrain —
Hurricane Katrina 2005
+ Based on vertical Forces
PBM predicts failure

2005

Maximum

Location De?:‘wj)?'“ Vertical
i Force (kips)

1 500 633

2 500 508

3 500 562

3/20/2014
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Background (cont.)

+ US-11 Lake Pontchartrain —
Hurricane Katrina 2005
+ Based on vertical Forces
PBM DOES NOT predict

failure
Dead | Mamum
lLocation V‘(l;;’gsi;l Force
(Kips)
1 218 0
2 218 1
3 218 36
4 218 46
5 218 45
6 218 38
7 218 26
8 218 13
9 218 o

Level Il Analysis

¢ Hindcasted 50 actual and 74 path shifted storms
¢ Mesh development
» Surge and Wave models calibrated
» Storm selection process
* Extreme value analyses
At each node in mesh 100-year
» Maximum water level and associated wave height
« Maximum wave height and associated water level

ADCIRC Mesh pm—

3/20/2014
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ADCIRC Mesh —

North Esstern Cosstal Region

EINTERA

EINTERA

EINTERA
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on

SoutHéastern Coastal Regi

EINTERA

Wave Model
(SWAN)

Qutput at Each Node
and Time Step
Wave Parameters
Water Elevations
. Storm Surge Madel
Wmda\rd‘:lncwy {ADCIRC) —  Depth-Averaged
Pressure

Velocilies

Wind Velocities

EINTERA
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Model Calibration

Iterative processes of adjusting model parameters
until model results match measured results within
acceptable limits

FEMA defines the acceptable limit as;
* 10% or less for tidal calibrations

« greater under storm conditions due to complexity

For ADCIRC calibration model parameters are
bottom friction and lateral eddy viscosity

For SWAN calibration model parameters are
bottom friction, white capping and breaking criteria

EINTERA

Model Calibration Data
NOAA Tide Gage Locations

Model Calibration Data
USGS Tide Gage Locations

3/20/2014
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Model Calibration NOAA Tides
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Model Validation -
NOA@ Hurricane Rita

EINTERA

3/20/2014

17



3/20/2014

Model Calibration Data
NOAA Wave Ga

e Locations

S S 0 . /
SWAN Model Calibration —
Significant Wave Height

:I -, - \l
‘; L
3 [ R — i A h{"
i =i AN
I ~ A 1
gy o N
e .
Hurricane Katrina Comparison at NOAA Gage 42040

Hurricane Katrina Comparison at USACE Gage 23

=

Tropical Storm/Hurricane Hindcasts

‘Wave Model Qutput at Each Node
(SWAN) and Time Step:
T Wave Parameters
Water Elevations
5 Storm Surge Model
Wind Velocity 0 ADC?R ) > Depth-Averaged
and Velacities
Pressure
Wind Velocities
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Hurricane Katrina Wind Fields

g Example Hurricane Hindcast

| W Specs msec)

Hurricane Katrina Wind Fields

Hurricane Katrina Wind Fields

3/20/2014
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xample Hurricane Hindcast

g Speed psec)
exo

Hurricane Katrina Wind Fields

g Example Hurricane Hindcast

g Speed psec)
exo

Hurricane Katrina Wind Fields

: "I/E/xample Hurricane Hindcast

| vina Speed imsec)
i &

Hurricane Katrina Wind Fields

3/20/2014
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Example Hurricane Hindcast

g Speed sec)
axo

Hurricane Katrina Wind Fields

Example Hurricane Hindcast

g Speed psec)
exo

Hurricane Katrina Wind Fields

a0
27

Hurricane Katrina Wind Fields

3/20/2014
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~ Example Hurricane Hindcast

Hurricane Katrina Wind Fields

—

: 'E/kample Hurricane Hindcast

Hurricane Katrina Wind Fields

. Ekample Hurricane Hindcast

Hurricane Katrina Water Surface Elevations

3/20/2014
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" Example Hurricane Hindcast

Hurricane Katrina Water Surface Elevations

" Example Hurricane Hindcast

Hurricane Katrina Water Surface Elevations

- Example Hurricane Hindcast

Hurricane Katrina Water Surface Elevations

3/20/2014
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- Example Hurricane Hindc

Hurricane Katrina Water Surface Elevations

- Example Hurricane Hindcast

Sepm imans

Hurricane Katrina Water Surface Elevations

Example Hurricane Hindcast

oo At

Hurricane Katrina Water Surface Elevations

3/20/2014
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Hurricane Katrina Water Surface Elevations

Hurricane Katrina Water Surface Elevations

— rffégéﬁ;’
Example Hurricane Hindcast

et omaest)

Hurricane Katrina Water Surface Elevations

3/20/2014
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Extreme Value Analysis

* Data extracted from surge/wave solution files
* Maximum water elevations
* Wave heights at time of maximum water elevation
¢ Maximum wave heights
» Water elevation at time of maximum wave heights
* Extreme value analysis

» Obtain 100-Year maximum water elevation and
associated wave heights throughout study area

* Obtain 100-Year maximum wave heights and
associated water elevations throughout study area

=INTERA

B

Study Results — Surge/Wave Atlas

* Many uses for study results beyond surge/wave
loads on existing bridges, e.g.,

« Design of new bridges (elevations, hydrodynamic
loads, sediment scour, etc.)

» Design of erosion protection for existing and new
coastal roadways
» Channel bank erosion protection design

=INTERA

Surge/Wave Loading on Bridges

 Significant number of bridges in South Louisiana

3/20/2014
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Bridge Selection

* 3177 Initial bridges

e Initial screening reduced list to 471

» Second screening further reduced list to 101
¢ Final number of bridges to be analyzed 65

Potential Fetch Directions

=INTERA

Vulnerable Bridge Criteria

* When surge/wave forces and/or moments exceed
resistive forces and/or moments DUE TO DEAD
WEIGHT ONLY

» Load factors applied to computed forces and
moments
Criticality
Index

1 Minor impact to economy or emergency needs if

closed (alternative routes exist)

2 Medium impact if closed - may lead to a barrier
island but an alternative route exists
Major impact if closed — only road to a barrier
3 island, evacuation route with no reasonable
alternatives
Extreme impact if closed — Interstate or major
economic connector (detour very long)

Description

=INTERA

EINTERA

3/20/2014
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Bridges Analyzed
: % EINTERA
15 Minute Break
EINTERA
Questions/Comments
on Previous Material
=EINTERA

3/20/2014
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Storm Surge and Wave Atlas

* GIS database with 100-year met/ocean information
* Map of study area containing 100-year:
« Maximum water level and associated wave height and peak
period
« Maximum wave height and peak period and associated
water level

=INTERA

Open GIS Surge/Wave Atlas
with GIS Reader

E=INTERA
= - W
L] ‘ o
Q ; ]
s s So—.  JENSEECH
y = j g
P - N ./‘ i
o o
E=INTERA
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Example Surge/Wave Load Analysis

* The problem is to determine the vulnerability of a
span on a particular LADOTD bridge using the
methodology in the AASHTO Guide Spec and the
Surge/Wave Atlas

=INTERA

Example Surge/Wave Load Analysis

o Extract 100-year met/ocean data from Surge/Wave
Atlas for bridge location

* Obtain bridge superstructure information
* Follow AASHTO Guide Specification to compute:

 Surge/wave forces and moments and assign proper
load factors

« Resistive forces and moments due to superstructure
dead weight

« Bridge vulnerability

=INTERA

LADOTD Bridge Recall Number
003440 5

3/20/2014
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Figure 6.1.2:2.1-1 Nomenclatureiin Equation:

bN

7
Span Cross-Section

T fosoum wa

= i X
Storm Surge + Local Wind Setup | Water Level
d,

== g s

Bed 8

Water Level = mean sea level i storm surge includes astronomical tide
= mean higher high water level f astronomical tide not included in surge
Timax = Wave crest height above storm water level

d ¢ = stom water depth at the bridge

dy, = girder height + deck thickness

dg= girder height

Z = positive or negative distance from storm water level to bottom of girder
¢ = rail height

W= deck width

| Wave
+ ! Propagation
i ! Direction

dm
‘Storm Water
i3

Water Level

i
Storm Surge + Local Wind Setup |

q

e ———

Bed
Water Level = mean sea level if storm surge includes astronomical tide.
= mean higher high water level If astronomical tide not inchuded in surge
Timax = Wave crest height above storm water level
Met/Ocean Data H max = Maximum wave height
A = wave length
d g = storm water depth at the bridge

d}, = girder height + deck thickness

= girder hesght
Structure Data 2, = positive or negative distance from storm water level to bottom of girder
¢ = rail height
=EINTERA | HESR R

b

Rail
| Wave
1 Propagation
£

t :
T Direction
‘ dm
1§ ftorm water

Water Level

Local Wind Setup |

d

Bed

e e

Water Level = mean sea level if storm surge includes astronomical tide
= mean higher high water level If astronomical tide not inchuded in surge

Timax = Wave crest height above storm water level

Met/Ocean Data H max = maimum wave height

A = wave length

d g = storm water depth at the bridge

d, = girder height + deck thickness

dg= girder hesght

2. = positive or negative distance from storm water level to bottom of girder

r = rail height

W= deck width
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=} Hydraulic Design Data
=)~ Maximum Storm Water Level (ft-MSL)
-)- Associated Significant Wave Height (Hs, ft)
5.295
-} Associated Wave Peak Period (Tp, sec)
4.565
100-Year Met/Ocean Parameters
o | St | gk | g || e | T
Level (f Wave( f:-l)e\ghl P(es::)d (?:) (ft) (ft) ”E,'?,"‘ H(Efigm (ft)
83 53 46
EINTERA
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In order for the wave forces calculated herein to be
acceptably accurate the following criteria shall be [
satisfied:

33
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Met/ocean parameters used in the

force and moment calculations

Depth | Steepness

Stopm 1 Assockated ol el 1 Watar Limited | Limited
Significant | Weve | Depth 2 Hine e
Water | \\ave Height | Period d (f) (f) Wave Wave ()

Level (f) " s @ Height | Height

(ft) (ft)
83 53 6
_ =

EINTERA

Met/oééfan parameters used in the

force and moment calculations

Depth Steepness
Siomm | Assoclated ;. Peak: . Water Limited | Limited
Significant | Weve | Depth a Hie e
Water | \\ave Height | Period d, () (f) \Wave Wave ()
Level (ft) (™ paits P Height | Height
(ft) ()
83 53 46 283

3/20/2014
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Figure 6.1.2.2.1-1 Nomenclatureiin Equatio

x
2
Span Cross-Section |

o 1
Storm Surge + Local Wind Setup | Water Level

d,

Bed 8
e g s

Water Level = mean sea level i storm surge includes astronomical tide
= mean higher high water level f astronomical tide not included in surge
Timax = Wave crest height above storm water level

d ¢ = stom water depth at the bridge

dy, = girder height + deck thickness

dg= girder height

Z = positive or negative distance from storm water level to bottom of girder
¢ = rail height

W= deck width

o et e e
i e e

:‘,“S.L:‘l:‘-ﬁi‘;:'.‘;i?;

(62247
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Met/ocean parameters used in the
force and moment calculations

Depth | Steepness
Stom | Grockied | Relc f ;- Waer Limited | Limited
Significant | Weve | Depth 2 Hine e
Water | \\ave Height | Period d (f) (f) Wave Wave (*)
Level (1t) o s @ Height | Height
(ft) (ft)
83 53 46 283 1044
EINTERA

Figure 6.1.2:2.1-1 Nomenclatureiin Equatippsj;&/

bN

2
Span Cross-Section |

Rail
Wave
{  iPropagation
[f _ipietion
‘ dm
*{ fst0em water Yyl
Water Level
S 4

Water Level = tevel if g
= mean higher high water level If astronomical tide not included in surge
Timax = Wave crest height above storm water level

H max = maximum wave height

A = wave length

d ¢ = storm water depth at the bridge

dy = girder height + deck thickness

dg= girder height
Z = positive or negative distance from storm water level to bottom of girder
¢ = rail height

e dock EINTERA

Huss = 1.80H:

3/20/2014
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Met/ocean parameters used in the

force and moment calculations

Depth | Steepness
Stom | Grockied | Relc f ;- Waer Limited | Limited
Significant | Weve | Depth 2 Hine e
Water | \\ave Height | Period d (f) (f) Wave Wave (*)
Level (1t) o s @ Height | Height
(ft) (ft)
83 53 46 283 1044 95

The maximum wave height Hg, should be
limited for depth and for steepness using the
lesser of the results of Equations 9 and 10.
respectively.

H,, =0.65d,

EINTERA

3/20/2014
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Met/ocean parameters used in the

force and moment calculations

Depth | Steepness

Stopm 1 Assockated ol el 1 Watar Limited | Limited
Significant | Weve | Depth 2 Hine e
Water | \\ave Height | Period d (f) (f) Wave Wave ()

Level (ft) 1 i 0 Py Height | Height

(ft) (ft)
83 53 46 283 1044 95 184
_ =

Met/oééfan parameters used in the

force and moment calculations

Depth | Steepness
Siomm | Assoclated ;. Peak: . Water Limited | Limited
Significant | Weve | Depth a [ Mowe
Water | \\ave Height | Period d, () (f) Wave Wave ()
Level (ft) (™ paits P Height Height
(ft) ()
83 53 46 283 1044 95 184 149

3/20/2014
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Met/ocean parameters used in the
force and moment calculations

Storm Associated Peak Water
Weter | sianificant | wave | Depth A Hie o
Loue (fy | Vve Helght | Period d, (ft) (ft) (ft)
(ft) (sec) (ft)
83 53 46 283 1044 95
EINTERA

Figure 6.1.2:2.1-1 Nomenclatureiin Equatippsj;&/

bN

2
Span Cross-Section |

Rail
Wave

4 | Propagation
i Direction

‘ dm
*{ fst0em water Yyl

Water Level

b Bd |
Water Level = tevel if g

= mean higher high water level If astronomical tide not included in surge
Timax = Wave crest height above storm water level

H max = maximum wave height

A = wave length

d ¢ = storm water depth at the bridge

dy = girder height + deck thickness

dg= girder height
Z = positive or negative distance from storm water level to bottom of girder
¢ = rail height

W deck wish ESINTERA

The assumed maximum distance from the
storm water level to the design wave crest,
Nawx. Shall determined as:

Ty = 0.70H mue (62.2.4-11)

3/20/2014
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force and moment calculations

Storm Associated Peak Water
Weter | Sianificant | Wave | Depth A [ f.
Level (fy | Weve Height | Period d, (ft) (M ()
() (sec) (ft)
83 53 46 283 1044 95 67

In order for the wave forces calculated herein to be
acceptably accurate the following criteria shall be
satisfied:

(6121-1)

=

Met/ocean parameters used in the

3/20/2014
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Met/ocean parameters used in the

force and moment calculations

Associated | Peak | Water
S‘A’,::e": Significant | Wave | Depth 2 Hue T
Level (fy | Wave Height | period d. (ft) (ft) (ft)
(ft) (sec) (ft)
83 53 46 283 104.4 95 6.7

Steepness = H,, /A = 9.5/104.4 = 0.091

Met/dééénfbarameters used in the

EINTERA

force and moment calculations

Associated | Peak | Water
;‘,:{;“ Significant | Wave | Depth 2 Hie T
L (;0 Wave Height | Period d ) (ft) ()
(ft) (sec) ()
83 53 46 283 1044 95 6.7
- = —=
- X = -

2
Span Cross-Section

Rail

It Wave
4 Propagation
£ Direction
P

Storm Surge + Local Wind Setup |

/AN
R

Met/Ocean Data

Structure Data Z,, = positive of negative distance from storm water level to botiom of girder
© = ral height
W= deck width
EINTERA Lot

Water Level = mean sea level if storm surge includes astronomical tide
= mean higher high water level I astronomical tide not inchuded in surge
Timax = Wave crest height above storm water level

H max = maximum wave height
A = wave length

d g = storm water depth a the bridge
|"a = girder height + deck thickness
dg= girder height

Water Level

P

3/20/2014
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Structure Data

Bridge Recall No. 003440

PN

7
Span Cross-Section

Wave
t Propagation
i Direction

flun ﬁm
| Honae =t = § Astorm Waterdyel
1 1 1) X

3/20/2014

Storm Surge + Local Wind Setup |
d,

Water Level

Water Level = mean sea level if storm surge includes astronomical tide

Timax = Wave crest height above storm water level
H max = maximum wave height
A = wave length
d g = storm water depth at the bridge
['a = girder height + deck trickness
dg= girder height
Z .= positive or negative distance from storm water level to bottom of girder
¢ = rail height
| W= deck width

= — Bed

= mean higher high water level If astronomical tide not inchuded in surge

superstructure data

Low [, [ span [ Span [ Deck [ Over | Beam [ Number | Rail
Chord | (g | Length | Width | Height | Hang | Height | of | Height
(ft) () (ft) () | () () | Beams | (ft)
105 35 | 335 |143 1 [ 1a 0 2,667

Met/ocean parameters used in

=INTERA

the

force and moment calculations

Associated | Peak | Water
S‘A';:"r Significant | Wave | Depth A Hy Twe
(mater | wave Height | period | d, (t (0 (3
L R 0 | @
83 53 46 283 104.4 95 6.7
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o
Bridge Recall No. 003440
superstructure data
Low 7 Span | Span | Deck | Over | Beam | Number | Rail
Chord | g | Length | Width | Height | Hang | Heicht | of | Height
(f) (ft) (ft) (ft) (ft) (ft) Beams | (f)
105 22 35 335 |143 1 143 0 2.667
EINTERA
. o
e . . —
Surge/wave loading at time of
maximum horizontal force
PBM Parametric Equations
o | feite | voron | i | st | oo
Force (kips) (kips) o (MI;) Force (kips) (kips) Eop (ﬁrkmz)
48 96 649 83 131 3869
EINTERA

Surge/wave loading at time of
maximum vertical force

PBM Parameric Equations
Associated : Associated
Maximum Associated |\ HORER | Maximum Associated |\ SRR
Vertical Force | Horizontal Vertical Force | Horizontal
i) Force (kips) | e Trailing (i) Force (kipS) the Trailing
Edge (ft-kips) Edge (ft-kips)
177 a1 1859 314 a1 6755
EINTERA

3/20/2014

43



3/20/2014

Criticality and Load Factors

For this bridge LADOTD assigned a Criticality of 3

C:l:g:)l(lty Description
1 Minor impact to economy or emergency
needs if closed (alternative routes exist)
> Medium impact if closed - may lead to a

barrier island but an alternative route exists
Major impact if closed — only road to a

3 barrier island, evacuation route with no
reasonable alternatives

Extreme impact if closed — Interstate or

4 major economic connector (detour very
long)

=INTERA

ES, OR SPANS OF
BRIDGES WHICH CANNOT BE RAISED ABOVE
THE WAVE ZONE

Bridges which are designated as “critical/essential”
by the owner should be designed at the strength limit
state using Equation 5.2-1 fo achieve a performance
level of "Service Immediate," or "Repairable Dama
depending on how quickly they must be passable a
the hurricane

EINTERA

", considered secondary to rescue
and recovery may be designed at the Extreme Event
Limit State for the performance level of major repair or
replacement needed. primarily due to superstructure
dislodgement.
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Criti'crérlrirfy and Load Fact

Where bridges are designed for the Swrength Limit

State,

considered. in addition 10 th

Asticle

forces associated with coastal storms

,DC+7,DD+ 7, DW + 7 EL + omeWA (1

where

DC = dexd Joad of stmenal compenents avd
vonstictural atachments

DD downdrag

oW dead load of wearing surfsces and wilities

EL = accumubed lockedin force effects
resulting from the construction process,

ibe secondary forces fom posi-

wA =

% = i load factors for dead foads as
specified in Astcle 341 of the AASHTO
LRFD Bridge Design Specicarions

e = load factors on wave forces.

The load factor for wave 1004, Yy, shall be taken as
175,

the following load combination shall be
i load specified in
S3. for bridges vulnerable 1o wave or surge

e Extreme Event
ot shall be taken
Toad factors for

rs

where:

DC

DD
Dw
EL

dead load of structural components and
nonstructural attachments

downdrag

dead load of wearing surfaces and utilities
accumulated  locked-in  force  effects
resulting from the construction process.
including the secondary forces from post-
tensioning

wave forces Fy. Fs. Fy and My specified in
Articles 6.1.2and 6.1.3

minimum load factors for dead loads as
the AASHTO

ations

Example Problem Conclusions

* Vulnerability Index = Load Factor x Wave Force /
Deadweight
« Vulnerability Index = (1.75 x 314)/246 = 2.2

« Since the Vulnerability Index is greater than 1, the

bridge is vulnerable

3/20/2014
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Possible Additional Work

EINTERA

Possible Additional Work

¢ Additional met/ocean information and a computer
program that may be of interest and use
« Vulnerability analysis for all spans on bridges
determined to be vulnerable in this analysis
 Additional GIS databases with
10-year return interval met/ocean parameters
25-year return interval met/ocean parameters
50-year return interval met/ocean parameters
Maximum met/ocean parameters for actual storms

Maximum met/ocean parameters for actual + shifted path
storms

EINTERA

Possible Additional Work CE)nt.)

¢ Addition of pdf pop-up with structural information
(used in surge and wave loading analysis) in Surge
and Wave Atlas
¢ Development of a Visual Basic Program to evaluate
the vulnerability of a bridge span following the
methodology and equations in the AASHTO
Specification
* Input to the program:
« Met/ocean values from the Surge and Wave Atlas
« Structural parameter values
e Output:
- Surge wave and resistive forces and moments
« Span vulnerability =INTERA

3/20/2014
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Pop-up with Structure InforrrTétiB(
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Pop-up with Structure Information

Bridge Recall Number
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Possible Program Format

Possible Program Format (cont.)
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Possible Program Format (cont.)

= r= ™

3 et =]

1 Wl gt ]
] Dicth Limived W Hesght !

forpun 22 [

e
| oo
(==

48



o |

A
Associated | Mement
Vertical Farce | sbout
(ps) | Trading Edge
ft-kips)
600

Questions/Comments
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