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Tsunami Design Guidelines for Coastal
Bridges
* The project objectives center on the development of design guide

specifications for the estimation of tsunami loads on highway
bridges

« The work will include verification of the guidelines by model testing
and comparison with observed results to calibrate the predictive
capability of numerical models for analysis of tsunami loads on
coastal bridges

 Final product will be a guidespec document

e Project Is supported through a pooled fund with contributors from
California, Oregon, Washington, Alaska, and Hawaili
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Tsunami Design Guidelines for Coastal
Bridges
* Project has five major components:

— Working Group 1: Tsunami Hazard and Mapping
» Hong Kie Thio (co-Lead), Patrick Lynett (co-Lead)

— Working Group 2: Tsunami Loading of Bridges

* Members: Michael Scott (Lead), lan Buckle, Denis Istrati

— Working Group 3: Bridge Detailing for Tsunami Loads
* Members: Tom Murphy (Lead)
— Working Group 4: Geotechnical Issues (Scour and drawdown
Induced liquefaction)
* Members: Tom Shantz (Lead)
— Working Group 5: Guide Specifications for Bridge Design for
Tsunami Hazard
* Members: Tom Murphy (Lead), lan Buckle
2019 PEER Annual Meeting - UCLA January 17-18, 2019



% USCUniversity of USC Viterbi

Y Southern California School of Engineering

Tsunami Design Guidelines for Coastal
Bridges

e Working Group 1: Tsunami Hazard and Mapping
— Development of tsunami hazard map database
e Inventory of existing maps

e New maps at the 1000-yr hazard level, at 10-m to 60-m
resolution modeling in selected locations

— Quantification and inclusion of uncertainties in the offshore &
onshore propagation

— Specification of Method(s) to provide the hydrodynamic information
needed (max, mins, time series, etc) for design using the hazard
maps as input

e Options include using the Energy Method (ASCE7) or some

Numerical Model Transect tool in the general vicinity of the
structure (LEVEL 1)

e Or detailed 2D/3D, site-specific modeling for projects requiring
more precision / refinement (LEVEL 2)

2019 PEER Annual Meeting - UCLA January 17-18, 2019
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Tsunami Design Guidelines for Coastal
Bridges

» Working Group 1: Tsunami Hazard and Mapping
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Tsunami Design Guidelines for Coastal
Bridges

» Working Group 1: Tsunami Hazard and Mapping
— PTHA
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Tsunami Design Guidelines for Coastal
Bridges

» Working Group 1: Tsunami Hazard and Mapping
— Inundation Map Coverage
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» Working Group 1: Tsunami Hazard and Mapping

— Inundation Map Coverage A
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Tsunami Design Guidelines for Coastal
Bridges

e Working Group 1: Tsunami Hazard and Mapping

=

Red line — shoreline at high tide
Black line — inundation limit of
1000-year tsunami

Modeling database contains

1 maximum flow elevation, flow
speed, flow direction, and
momentum flux at all inundated
grid points

Latiude (degress)
£ + &
-] =1 =

For numerical grids in database
with resolution of 10-m, database
results can be used directly for
site-specific hazard (LEVEL 2)

295 085 nser 28075 9508 215 508 201
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Tsunami Design Guidelines for Coastal Bridges

e Working Group 1: Tsunami Hazard and Mapping

— Approaches to determine local hazard: LEVEL 1: EGL/transect approach (for areas where
mapping uses resolution of >30m)
e Details in Kriebel et al. (2017)

e Based on tracking the total energy (potential and kinetic) over changing ground elevation with
energy dissipation due to friction

— Conceptually tracking the crest of a long wave as it moves inland

dE
— =—(m+9)
dx

where m=dz/dx is the local ground slope and S =dH, /dx is the local friction slope

T T . INPUTS:

—
~ - oy Crade Ljng He 1. Transect Data [x,z] starting from
TR | shoreline
W U2 TS .
aterLevel 1 g ‘Lth - 2. Runup location on transect
! - —=-Y/ 3. Bottom roughness coefficient

Incident E; Ei. A

Energy =E, h | | X s
h ’ F =F 1-=
D |/§miax Mapped r =Fiu XR)
L v ' Runup
1 Ground y X j{ R
, Transect ! I+ Start with the runup location, as

Sea Level given by a hazard map, and solve the

/ Mapped Inundation Distance Xr grad;?nt ?ﬂuatﬁlon t;_aCkwardS until
reacning tne snoreline

2019 PEER Annual Meeting - UCLA January 17-18, 2019
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Tsunami Design Guidelines for Coastal Bridges

e Working Group 1: Tsunami Hazard and Mapping
— Application of EGL / animation

i Grid File 14, ernvill

Click on map for rivering ransect. Hit right mouse buttom I snap Io site

Latilude (degrees)

44.905 |




PEER Tauunami lnundatinn Portal

Tsunami Design Guidelines for Coastal Bridges

e Working Group 1: Tsunami Hazard and Mapping
e PEER web portal

« =2 C localhost:3000/site

(Scaling the traces within this tool 1

Please note that, due ta copyright |
unique time window. The current li
result in further restrictions.

The database and web site are peri
please send emalls to: peer_center

NGA-West2 -- Shallow Cri
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PEER Tsunami Inundatior
The PEER Tsunami research focus
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ultimately expand and extend the ¢
peer.berkeley.edu/tsunami
Stochastic Simulation of |

A comprehensive parameterized st
Db_flag=3 d uniquel

mazzoni@berkeley.edu, plynett@usc.edu

PEER Ground Motion Database

Pacific Earthquake Engineering Research Center

Welcome to the PEER Ground Motion Database

The web-based Pacific Earthquake Engineering Research Center (PEER) ground motion database provides tools for searching, selecting
and downloading ground mation data.

ALL downloaded records are UNSCALED and as-recorded (UNROTATED). The scaling tool available on this site is to be used to determine
the scale factors to be used in the simulatinn nlatfarm. Thoes crala Factare ran ho found with the recard motadata in the dawnlnad

DocuUMENTATION Herp FeEEpBACK

SILVIAMAZZONI@YAHDO.COM

Sien_out

NGA-West2 -- Shallow Crustal Earthquakes in Active Tectonic Regimes

The NGA-West2 ground motion database includes a very large set of ground motions recorded in worldwide
shallow crustal earthquakes in active tectonic regimes. The database has one of the most comprehensive sets of
meta-data, including different distance measure, various site characterizations, earthquake source data, etc. The
current version of the database is similar to the NGA-West2 database, which was used to develop the 2014 NGA-
West2 ground motion models (GMMs). peer.berkeley.edu/ngawest2

NGA-East -- Central & Eastern North-America

The objective of NGA-East is to develop a new ground motion characterization (GMC) model for the Central and
Eastern North-American (CENA) region. The GMC model consists in a set of new ground motion models (GMMs)
for median and standard deviation of ground motions (GMs) and their associated weights in the logic-trees for
use in probabilistic seismic hazard analyses (PSHA). peer.berkeley.edu/ngaeast

PEER Tsunami Inundation Portal TSUNAMI

The PEER Tsunami research focus is a crucial gap in tsunami research efforts currently being conducted
elsewhere, PEER’s methodology development - called Performance-Based Tsunami Engineering (PBTE) - will
ultimately expand and extend the existing Performance-Based Earthquake Engineering (PBEE) methodology.
peer.berkeley.edu/tsunami

Stochastic Simulation of Near-Fault Ground Motions

A comprehensive parameterized stochastic model of near-fault ground motions in two orthogonal horizontal SyN‘[‘HETIC
directions. The model used uniquely combines several existing and new sub-models to represent major Near-Field
characteristics of recorded near-fault ground motions. These characteristics include near-fault effects of Motions

directivity and fling step; temporal and spectral non-stationarity; intensity, duration and frequency content
characteristics; directionality of components, as well as the natural variability of motions for a given earthquake
and site scenario. More...coming soon(from: Stochastic Modeling and Simulation of Near-Fault Ground Motions
for Performance-Based Earthquake Engineering by Mayssa Nabil Dabaghi, Doctoral Thesis 2014.)




PEER Tauunami lnundatinn Portal

Tsunami Design Guidelines for Coastal Bridges

e Working Group 1: Tsunami Hazard and Mapping
e PEER web portal

Tsunami Research Program

Pacific Earthquake Engineering Research Center

DOCUMENTATION HeLr FEepBACK

SILVIAMAZZONI@YAHOO.COM SI1GN_ouT

Tsunami Inundation Modeling

’ 'fnundq_tion
Portal

——

Load Sample Input Values Clear Input Values
Input boxes are automatically enabled/disabled depending on the user input. Every enabled box needs an input value.

Input Parameters Model Parameters

| Load Sample Values | Clear |
' Inundation Model

Energy Grade Line

ISite Label i Corvallis, OR lInundation Model 1 N
Site Lat,Long  : 44.5646,-123.2620 Inundation Model 2 o
__ [[nundation Model 3

Bottons Exiction lInundation Model 4

Bottom-Friction Model { | User-Defined B

User-Defined Values (csv) @ 0.3,0.35,0.5,0.65,0.

Hazard Levels

Load Sample Values | Clear

Transect-Line : Automated
Model

\ ComputeTransects |

mazzoni@berkeley.edu, plynett@usc.edu July 2016
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Tsunami Design Guidelines for Coastal Bridges

e Working Group 1: Tsunami Hazard and Mapping
— Example of detailed 2D/3D modeling (LEVEL 2 Analysis)
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Tsunami Design Guidelines for Coastal
Bridges

e Once we have the site-specific hydrodynamic hazard, on to:

e Working Group 2: Tsunami Loading of Bridges
e Literature review of existing and ongoing methods to estimate loads on bridges / tsunami loads
on general structures
— Determine whether existing methods can be extended tsunami loads on bridges
— If additional information or testing is needed, develop a plan to obtain
e Testing and modeling to fill in knowledge gaps
— Based on gaps determined, perform physical or numerical tests
— Focus on numerical simulation

Time: 3.700000

Determination of loading calculation
approach
Presentation of example loading
calculations, from source (or hazard
level) specification, to loadings

2019 PEER Annual Meeting - UCLA January 17-18, 2019
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Tsunami Design Guidelines for Coastal
Bridges

e Working Group 2: Tsunami Loading of Bridges

= Numerical “gap” studies will provide loading coefficient /
modification factors to account for:

— Wave Form — characteristics of the leading (or
maximum) wave

— Bridge Geometry

e Cross-section (for typical/ordinary bridges on
Pacific Coast)

e Global Orientation of deck

e Mass and stiffness (connection to piers,
abutments); dynamic response

e Data and studies from Buckle, Motley

— Debris — multiplier for different zones around bridge
e Industrial, Residential, Natural

— Tsunami Protection
= Fairing, fuse, sacrificial bridge

e  Other considerations

— Load cases

e 2-3 different load cases (e.g. max speed at X%

max flow height, max flow height at X% max
speed)

— Load distribution

2019 PEER Annual Meeting - UCLA
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(b) Skew
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Tsunami Design Guidelines for Coastal
Bridges

e Working Group 2: Tsunami Loading of Bridges
e Examples of loading equations

Douglass (2006) McPherson (2008)
1 \
Fp=((14+C.(N —1))Chaa)(pg)(n — hy)An Fi = 5((n = hy) + (1 = (ha = da)))dgLs(pg)
Azadbakht and Yim (2014) TN b
e : 1
1 1 \ T
Fy = (2 pg(2hy — dy)dy + 5 {)Od(ibuim:r) Ly o = H-/ I_I/ L’?
I T s o
Xiang (2016) ' ¥ ad Tank Floor
1 1 ‘ .
Fy = (Cy + Cusi) | zp9(2ho — dy)dy + = pCadptiz,, | Lo Many different
2 ) choices...

Choose one based on

| comparison with data

Fyg = if)CddbLbuim and applicability with
tsunami -> A&Y

2019 PEER Annual Meeting - UCLA January 17-18, 2019
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Tsunami Design Guidelines for Coastal
Bridges

e Working Group 2: Tsunami Loading of Bridges
e Examples of loading equations

Douglass (2006) McPherson (2008)
1 \
Fp=((14+C.(N —1))Chaa)(pg)(n — hy)An Fi = 5((n = hy) + (1 = (ha = da)))dgLs(pg)
Azadbakht and Yim (2014) TN ¢
\"\-. |-L// 4 _‘|/
1 1 Tr
Fy = <2pJ(2hO — dy)dy + 2ﬁcddbfimm) iy e il u‘/ ’|_|/ L/,j
N \\hi _“_ s, SWL
Xiang (2016) ' { My .
1 .
Fg = (CH + CH._SL) ( f)J(2hU — db)db Sin [)Cddbumm) Ly Many different
2 choices...

Choose one based on

comparison with data

Fg = _/)CddbLbumax and applicability with
tsunami -> A&Y

2019 PEER Annual Meeting - UCLA January 17-18, 2019
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Tsunami Design Guidelines for Coastal
Bridges

e Working Group 2: Tsunami Loading of Bridges

Estimate of maximum upward load from Azadbakht and Yim (2014)

— hydrostatic and vertical lift components

9 }“‘('“ = (‘{'_J:(r()f,-" £ -+ [].-'-)(f-';;mghd} (6)
— = ¢ _ = y s

Fro = 0")’09(2]“] d")d" + 0.5pCadyu C is lift coefficient (taken as 1.0)

C'iyp is an empirical coefficient to correlate numerical results with

uplift load equation (Cprp = 0.77 from A&Y (2014))

Estimate of maximum horizontal load from Azadbakht and Yim
(2014) — hydrostatic and hydrodynamic components
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Adjustment factors for hydrostatic and lift components

Adjustment factors for hydrostatic and hydrodynamic components

I_“”“ — ('rl {[]-—)/H}(:zh” . fl'll‘i.,}lrfrh) 1 (_-'2{'”.5{)(’,;(!;,”2) (5) 11'1"[] — (rl f,””‘ } + ( '2{{}'5!){}-‘3”“} (7
o ~ i ) i i : e (U, and (', based on correlation with simulations for horizontal
e (' and (% based on correlation with simulations for horizontal A
) impact and steady state loads
impact and steady state loads . ,
@ Simulations also showed dependence on clearance
aaEcelicer o Box girder ©
: =9 -'., — .
ImpaCt (1 _:{)| ( 2 ].f]. o (al — I[]I (i2 = “.“[h[];‘r[hq o !‘J’})
Steady State: '} = 0.8, (', = 0.5 ) '
_ @ Open girder
o Open girder Cy = 1.0, Cy = 0.2(ho/(h, — b))

Impact: ¢, =1.5, C, =1.2
Steady State: (', = 0.8, Cy, = 0.4

2019 PEER Annual Meeting - UCLA January 17-18, 2019
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e Working Group 2: Tsunami Loading of Bridges

Estimate of maximum horizontal load from Azadbakht and Yim
(2014) — hydrostatic and hydrodynamic components

Fro = 0.5p9(2ho — dp)dy, + U.SpC-',gd;,uQ
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Adjustment factors for hydrostatic and hydrodynamic components

Fro = C1(0.5pg(2hg — dy)dy) + Co(0.5pCadyu?) (5)

e (' and (% based on correlation with simulations for horizontal
impact and steady state loads
e Box girder
Impact: ¢, =2.0,Cy=1.1
Steady State: '} = 0.8, (', = 0.5
@ Open girder
Impact: ¢, =1.5, C, =1.2
Steady State: (', = 0.8, Cy, = 0.4

2019 PEER Annual Meeting - UCLA

Estimate of maximum downward load from Azadbakht and Yim
(2014) — hydrostatic and vertical slamming components

Fpo = Cpv(pg(ho — dy)bg + slamming) (8)

Slamming component only if barriers present
C'py is an empirical coefficient to correlate numerical results with
downward load equation (C'py = 0.53 from A&Y (2014))

%S
<3<

AAA/
0
X

X

4
Yy

%

N
'\

%

N
()

%

W
()

%

A/
4
N

)
)

January 17-18, 2019



2] USC University of USC Viterbi

\Y

SOutheI'I'l Cahfor nla School of Engineering

Tsunami Design Guidelines for Coastal
Bridges

e Working Group 2: Tsunami Loading of Bridges

Modify nominal loads by factors for 3D orientation

(a) Superelevation (b) Skew (c) Slope

(<]

Traffic |\ & Traffic

(a) Horizontal Force - 5 _ Tmﬂ'i(‘h-\“"‘ g.:_;
T T T T T é S 95 —E)—
T I Flow I

0.5 Flow
‘ 1 1 1 1 L L .
ST 6 4 2 0 2 4 6 8 10 Horizontal load
b) Uplift Fo Y M
3 et ree FH = C.qu.prr(’.fckr u'(.-afnpf FHI]
Similar expressions for Fi; and Fp
2
.:j 1
(a) Horizontal Force (b) Vertical Force
(} - - 1 1 1 | ! | : T T
10 8 6 4 2 (i} 2 4 6 8 10 1.4 = 1.4 -
(¢) Downward Force 11 e 12
2 T T T T e eaakemtt ol
v Lf‘ | e 5- 1 o
Pl & 08f e R
) 1] 1l "-...,__
0.5 \j { 06 ; 068
0 ' S oaf { = oaf .
10 8 6 1 2 0 2 1 6 8
Superelevation, ¢ (deg) 0.2 || s—Trnpact . 0.2 || w—Uplift
= mm Steady State mmm [Downward
0 T _ 0 - 4
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Bridges

e Working Group 2: Tsunami Loading of Bridges

e Use p = 1040 kg/m? in all reference load calculations to
account for sediments

@ Use an additional factor of C'y..;c = 1.06 for small debris in only
the horizontal load calculations

@ Large debris assumed only for horizontal load
fH = C'f.ske-‘wCfxuper‘C‘sh:pe C‘tie-l}r'i.s}'1H0 + }'llf-bm's (10)
F = (N.".tu(s.'.'pu(qinpf-FV['l (]-]-)
Ef) == C?.\'A‘r-‘H‘C'HH_[)PJ'C'.H‘f(?j)f—'FI)” (12)

Large objects, e.g., vehicles or shipping containers

°
@ Impact loading on bridge deck

e Difficult to determine stopping distance and impact time
°

FEMA (2012) approximation of impact force

Faee = .30 kin

1.3=importance factor, u=flow speed, k=debris stiffness,
m=debris mass

2019 PEER Annual Meeting — UC e Elastic impact — full shipping container 1440 kip at u=4 m/s
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Bridges

e Working Group 2: Tsunami Loading of Bridges — SMALL DEBRIS

Ocean Current (knots
L i

Time (hours)
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Tsunami Design Guidelines for Coastal
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e Working Group 2: Tsunami Loading of Bridges — LARGE DEBRIS

Current Speeds (m/s)
Time =65 min

ST

r v ] .
’ .

5  t .

0 1 2 . 4 5
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Tsunami Design Guidelines for Coastal
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e Working Group 2: Tsunami Loading of Bridges — LARGE DEBRIS

Release Time

@ S Jind 1500 Tooo 2500 Foof 2508 4000 Yo So0 1oog 15o0 209 2500 Joaw 3500 Rl
X fnrciers) X (meters)
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Tsunami Design Guidelines for Coastal
Bridges

e Working Group 2: Tsunami Loading of Bridges

- 3 -
@ Use p = 1040 k.g/m in all reference load calculations to OK.. Now
account for sediments how is this
@ Use an additional factor of ()., = 1.06 for small debris in only
the horizon] Open girder bridge with elastomeric bearings: Cross-frames vs diaphragms load
across the

V:

bearings???

—_—
—_—

1 —r

Buckle & Istrati, Reno

Bridge Deck
_ 2.554m

or shipping containers
ck

ng distance and impact time

n of impact force

o STi a2 e TS Deiga3 . = 1.3uvkm

1.3=importance factor, u=flow speed, k=debris stiffness,
m=debris mass

2019 PEER Annual Meeting — UC e Elastic impact — full shipping container 1440 kip at u=4 m/s
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Tsunami Design Guidelines for Coastal
Bridges

e Working Group 5: Guide Specifications for Bridge Design for Tsunami Hazard
— Draft Guidespecs and commentary

e Construct outline and partially filled guidespec / commentary, based on
Working Group 2 results

— Review of Draft and Final Guidespec
— Will include performance objectives
e Draft guidespec delivered to sponsor soon
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