
 

Bridges Subject to
Tsunami Effects

GUIDE SPECIFICATIONS FOR

January 2022

Tsunami cover.indd   1Tsunami cover.indd   1 12/1/2021   1:08:46 PM12/1/2021   1:08:46 PM



 i  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Guide Specifications for Bridges Subject to Tsunami Effects 

2022 

 

American Association of State Highway and Transportation Officials 
555 12th Street NW, Suite 1000 

Washington, DC 20004 
202-624-5800 phone/202-624-5806 fax 

www.transportation.org 

© 2022 by the American Association of State Highway and Transportation Officials. All rights reserved. 
Duplication is a violation of applicable law. 

 

Cover photo provided courtesy of Getty Images; tsunami guidelines prepared and provided by AASHTO Technical 
Committee T-5.  

 

 

ISBN:  978-1-56051-787-0      Publication Code: GSBSTE-1  

© 2022 by the American Association of State Highway and Transportation Officials. 
All rights reserved. Duplication is a violation of applicable law.



 ii  

 

AMERICAN ASSOCIATION OF STATE HIGHWAY AND TRANSPORTATION OFFICIALS 
555 12th Street, N.W., Suite 1000 

Washington, D.C.  20004 
 
 

EXECUTIVE COMMITTEE 
2020-2021 

 
 
 

OFFICERS: 
 
PRESIDENT:  Shawn Wilson, Louisiana* 
 
VICE PRESIDENT: Roger Millar, Washington* 
 
SECRETARY-TREASURER:  Russell McMurry, Georgia* 
 
EXECUTIVE DIRECTOR:  Jim Tymon, Washington, D. C. 
 
 
REGIONAL REPRESENTATIVES: 
 
REGION I: Marie Therese Dominguez, New York 
  Nicole Majeski, Delaware 
 
REGION II: Vacant 
  Vacant 
 
REGION III: Julie Lorenz, Kansas 
  Margaret Anderson-Kelliher, Minnesota 

 
REGION IV: Bill Panos, North Dakota 
  Kristina Swallow, Nevada 
 
IMMEDIATE PAST PRESIDENT:  Victoria Sheehan, New Hampshire 
 
*Elected at the 2021 Annual Meeting 
 

  

© 2022 by the American Association of State Highway and Transportation Officials. 
All rights reserved. Duplication is a violation of applicable law.



 iii  

COMMITTEE ON BRIDGES AND STRUCTURES, 2021  
CARMEN E.L. SWANWICK, Chair 

SCOT BECKER, Vice Chair 
JOSEPH L. HARTMANN, Federal Highway Administration, U.S. DOT Liaison 

PATRICIA J. BUSH, AASHTO Liaison 
 
ALABAMA, Eric J. Christie, William “Tim” Colquett, Jeffrey T. Huner 

ALASKA, Leslie Daugherty, Elmer E. Marx, Richard A. Pratt 

ARIZONA, David B. Benton, David L. Eberhart, Pe-Shen Yang 

ARKANSAS, Charles “Rick” Ellis, Michael Hill, Joe Sartini 

CALIFORNIA, Michael B. Johnson, Thomas A. Ostrom, Gudmund Setberg 

COLORADO, Michael Collins, Stephen J. Harelson, Jessica Martinez 

CONNECTICUT, Mary E. Baker, Andrew Cardinali, Timothy D. Fields 

DELAWARE, Jason Arndt, Jason Hastings, Craig A. Stevens 

DISTRICT OF COLUMBIA, Donald L. Cooney, Konjit C. “Connie” Eskender, Richard Kenney 

FLORIDA, Sam Fallaha, William Potter, Jeff Pouliotte 

GEORGIA, Donn Digamon, Douglas Franks, Steve Gaston 

HAWAII, James Fu, John Williams 

IDAHO, Matthew Farrar 

ILLINOIS, Tim A. Armbrecht, Ruben Boehler, Carl Puzey 

INDIANA, Andrew Fitzgerald, Anne M. Rearick, Stephanie Wagner 

IOWA, Ahmad Abu-Hawash, James S. Nelson, Michael Nop 

KANSAS, Mark Hurt, Karen Peterson, Calvin Reed 

KENTUCKY, Michael Carpenter, Royce Meredith, Marvin Wolfe 

LOUISIANA, Arthur D’Andrea, Zhengzheng “Jenny” Fu, Chris Guidry 

MAINE, Jeffrey S. Folsom, Wayne Frankhauser, Michael Wight 

MARYLAND, Maurizio Agostino, Jesse Creel, Jeffrey L. Robert 

MASSACHUSETTS, Alexander K. Bardow, Justin Slack, Matthew Weidele 

MICHIGAN, Matthew Jack Chynoweth, Rebecca Curtis, Richard E. Liptak 

MINNESOTA, Arielle Ehrlich, Ed Lutgen, Kevin Western 

MISSISSIPPI, Scott Westerfield 

MISSOURI, Bryan Hartnagel, Darren Kemna 

MONTANA, Stephanie Brandenberger, Nathan Haddick, Amanda Jackson 

NEBRASKA, Mark Ahlman, Fouad Jaber, Mark J. Traynowicz 

NEVADA, David S. Chase, Jessen Mortensen 

NEW HAMPSHIRE, Loretta Doughty, David L. Scott 

NEW JERSEY, Xiaohua “Hannah” Cheng 

NEW MEXICO, Kathy Crowell, Shane Kuhlman, Jeff Vigil 

NEW YORK, Brenda Crudele, James Flynn, Ernest Holmberg  

© 2022 by the American Association of State Highway and Transportation Officials. 
All rights reserved. Duplication is a violation of applicable law.



 iv  

NORTH CAROLINA, Brian Hanks, Scott Hidden, Girchuru Muchane 

NORTH DAKOTA, Jon D. Ketterling, Jason R. Thorenson 

OHIO, Alexander B.C. Dettloff, Timothy J. Keller, Jeffrey E. Syar 

OKLAHOMA, Justin Hernandez, Walter Peters, Tim Tegeler 

OREGON, Raymond Mabey, Albert Nako, Tanarat Potisuk 

PENNSYLVANIA, Thomas P. Macioce, Richard Runyen, Shane Szalankiewicz 

PUERTO RICO, (Vacant) 

RHODE ISLAND, Keith Gaulin, Mary Vittoria-Bertrand 

SOUTH CAROLINA, Terry B. Koon, Hongfen Li, Jeff Sizemore 

SOUTH DAKOTA, Steve Johnson, Dave Madden, Todd S. Thompson 

TENNESSEE, Ted A. Kniazewycz 

TEXAS, Graham Bettis, Bernie Carrasco, Jamie F. Farris 

U.S. DOT, Joseph L. Hartmann 

UTAH, Mark Daniels, Cheryl Hersh Simmons, Rebecca Nix 

VERMONT, Carolyn Cota, Kristin M. Higgins, James LaCroix 

VIRGINIA, Kendal R. Walus, Andrew M. Zickler 

WASHINGTON, Tony M. Allen, Mark Gaines, Bijan Khaleghi 

WEST VIRGINIA, Tracy W. Brown, Chad Robinson 

WISCONSIN, Aaron Bonk, Josh Dietsche, William L. Oliva 

WYOMING, Jeff R. Booher, Paul G. Cortez, Michael E. Menghini 
 

CHESAPEAKE BAY BRIDGE AND TUNNEL DISTRICT, Timothy R. Holloway 

MARYLAND TRANSPORTATION AUTHORITY, James Harkness, William N. Pines  

MULTNOMAH COUNTY TRANSPORTATION DIVISION, Jon Henrichsen 

U.S. ARMY CORPS OF ENGINEERS—DEPARTMENT OF THE ARMY, Phillip W. Sauser 

U.S. COAST GUARD, Kamal Elnahal 

TRANSPORTATION RESEARCH BOARD, Waseem Dekelbab 
  

 

© 2022 by the American Association of State Highway and Transportation Officials. 
All rights reserved. Duplication is a violation of applicable law.



 v  

TABLE OF CONTENTS 
 

SECTION 1: INTRODUCTION ................................................................................................................................1-1 
1.1—BACKGROUND ...........................................................................................................................................1-1 
1.2—APPLICABILITY .........................................................................................................................................1-1 
1.3—APPROACH ..................................................................................................................................................1-2 
1.4—PERFORMANCE CRITERIA ......................................................................................................................1-2 
1.5—REFERENCES ..............................................................................................................................................1-3 

SECTION 2: DEFINITIONS .....................................................................................................................................2-1 
SECTION 3: NOTATION ..........................................................................................................................................3-1 
SECTION 4: HAZARD ..............................................................................................................................................4-1 

4.1—GENERAL ....................................................................................................................................................4-1 
4.1.1—Offshore Probabilistic Tsunami Hazard Analysis Methodology ...........................................................4-1 
4.1.2—Uncertainties ..........................................................................................................................................4-2 
4.1.3—PTHA Process ........................................................................................................................................4-3 
4.1.4—Level 1 vs. Level 2 Analysis ..................................................................................................................4-3 

4.2—LEVEL 1 ANALYSIS: TRANSECT APPROACH ......................................................................................4-4 
4.2.1—Procedure ...............................................................................................................................................4-4 
4.2.2—Energy Grade Line Analysis ..................................................................................................................4-4 
4.2.3—Transect Orientations .............................................................................................................................4-7 

4.3—LEVEL 2 ANALYSIS: NUMERICAL MODELING APPROACH .............................................................4-8 
4.3.1—Description .............................................................................................................................................4-8 
4.3.2—Analysis Requirements ..........................................................................................................................4-8 

4.4—ESTIMATION OF FLOW DIRECTION ......................................................................................................4-9 
4.5—REFERENCES ............................................................................................................................................ 4-11 

SECTION 5: LOADS .................................................................................................................................................5-1 
5.1—GENERAL ....................................................................................................................................................5-1 
5.2—LOAD CASES ..............................................................................................................................................5-1 

5.2.1—Load Case 1 ...........................................................................................................................................5-1 
5.2.2—Load Case 2 ...........................................................................................................................................5-1 
5.2.3—Load Case 3 ...........................................................................................................................................5-2 

5.3—SUPERSTRUCTURE LOADS .....................................................................................................................5-2 
5.3.1—Horizontal Forces ...................................................................................................................................5-2 

5.3.1.1—Longitudinal ..................................................................................................................................5-2 
5.3.1.2—Transverse Force ...........................................................................................................................5-4 

5.3.2—Vertical Forces .......................................................................................................................................5-4 
5.3.2.1—Upward ..........................................................................................................................................5-4 
5.3.2.2—Downward .....................................................................................................................................5-5 

5.3.3—Resulting Moments ................................................................................................................................5-6 
5.3.4—Superelevation Correction Factor ..........................................................................................................5-6 
5.3.5—Skew Correction Factors ........................................................................................................................5-7 

5.4—SUBSTRUCTURE LOADS ..........................................................................................................................5-8 
5.4.1—Forces on Exposed Piles and Columns ..................................................................................................5-8 
5.4.2—Forces on Exposed Pier Shafts and Walls ..............................................................................................5-8 

5.5—DEBRIS LOADING ......................................................................................................................................5-9 
5.6—REFERENCES ............................................................................................................................................ 5-10 

SECTION 6: LOAD APPLICATION ........................................................................................................................6-1 
6.1—LOAD COMBINATIONS ............................................................................................................................6-1 
6.2—SUPERSTRUCTURE FORCE APPLICATION ..........................................................................................6-1 
6.3—LOADS ON BEARINGS ..............................................................................................................................6-1 

6.3.1—Method A ...............................................................................................................................................6-2 

© 2022 by the American Association of State Highway and Transportation Officials. 
All rights reserved. Duplication is a violation of applicable law.



 vi  

6.3.2—Method B ...............................................................................................................................................6-2 
6.3.2.1—Load Position 1 ..............................................................................................................................6-3 
6.3.2.2—Load Position 2 ..............................................................................................................................6-4 
6.3.2.3—Load Position 3 ..............................................................................................................................6-4 
6.3.2.4—Skew Considerations .....................................................................................................................6-4 

6.4—SUBSTRUCTURES ......................................................................................................................................6-5 
6.5—REFERENCES ..............................................................................................................................................6-5 

SECTION 7: DESIGN DETAILS ..............................................................................................................................7-1 
7.1—GENERAL ....................................................................................................................................................7-1 
7.2—REDUCTION OF TSUNAMI LOADING ....................................................................................................5-1 

7.2.1—Geometric Proportioning .......................................................................................................................7-1 
7.2.2—Venting ..................................................................................................................................................7-1 

7.3—ACCOMODATION OF FORCES ................................................................................................................7-3 
7.4—SACRIFICIAL ELEMENTS .........................................................................................................................7-3 
7.5—REFERENCES ..............................................................................................................................................7-4 

SECTION 8: OTHER CONSIDERATIONS .............................................................................................................8-1 
8.1—SCOUR .........................................................................................................................................................8-1 

8.1.1—Expected Scour ......................................................................................................................................8-1 
8.1.2—Time Reduction Factor ..........................................................................................................................8-1 

8.2—GEOTECHNICAL ........................................................................................................................................8-2 
8.2.1—Design Issues .........................................................................................................................................8-2 

8.2.1.1—Foundations and Abutments ..........................................................................................................8-3 
8.2.1.2—Approach Embankments ...............................................................................................................8-3 

8.2.2—Scour and Erosion ..................................................................................................................................8-3 
8.2.3—Rapid Drawdown ...................................................................................................................................8-4 
8.2.4—Foundation Type Selection ....................................................................................................................8-4 
8.2.5—Load Cases .............................................................................................................................................8-4 
8.2.6—Resistance ..............................................................................................................................................8-4 

8.3—REFERENCES ..............................................................................................................................................8-5 
 

 

 

 

© 2022 by the American Association of State Highway and Transportation Officials. 
All rights reserved. Duplication is a violation of applicable law.



This page intentionally left blank.

vii

© 2022 by the American Association of State Highway and Transportation Officials. 
All rights reserved. Duplication is a violation of applicable law.



SECTION 1 

INTRODUCTION 

1-1

1.1—BACKGROUND  C1.1 

The goal of these Guide Specifications is to provide 
Owners and Designers with methods to evaluate the 
hazard posed by tsunamis to a particular bridge, and to 
identify accepted methodologies and details to mitigate 
that hazard in design. 

These Guide Specifications are intended for use in 
new bridge design, and do not directly address the retrofit 
of existing bridges.  

 These Guide Specifications were developed as part 
of a Transportation Pooled Fund Study, TPF-5(307), that 
included the states of Alaska, California, Hawaii, Oregon, 
and Washington, as well as the Federal Highway 
Administration, and was led by Oregon. Reports of the 
Pooled Fund Study 5(307) have been published by ODOT 
(Lynett et al., 2021; Istrati and Buckle, 2021a, 2021b). 
The impetus for this project, and the development of these 
Guide Specifications, is twofold: recent damaging 
tsunamis such as the Japanese earthquake and tsunami of 
2011 and the Indonesian tsunami of 2004 which 
demonstrated the potential damaging power of tsunamis, 
and the growing realization of the hazard posed by a 
potential Cascadia Subduction Zone event to a substantial 
portion of the west coast of the United States, as well as 
the hazard posed by more distant seismic events. 

The December 26, 2004 Indonesian tsunami and the 
March, 2011 Japanese tsunami included a 70-m broken 
bore (i.e., wave), significant overland flows, and debris 
accumulation in the flow which all affected the 
performance of bridges. These tragedies, among others, 
provided graphic examples of the dangers posed by 
tsunamis, and the potential failure mechanisms that need 
to be addressed. 

1.2—APPLICABILITY  C1.2 

These Guide Specifications are intended for the 
design and construction of conventional bridge structures 
to resist the effects of tsunamis. For the purposes of these 
Guide Specifications, conventional bridges are taken as 
those that: 
• Have slab, beam, or box girder superstructures;

• Are supported by pier and abutment substructures;

• Are founded on shallow or deep foundations;

 Non-conventional bridges outside the applicability 
of these Guide Specifications include bridges with truss, 
cable-stayed, or cable-suspended superstructures; bridges 
with tower supports; arch bridges; and culverts. 

• Have minimal changes in elevation along the bridge 
length; 

• Are straight in plan view (including skewed but not 
curved); and 

 The requirement for minimal elevation change is not 
intended to exclude cambered girder bridges. Sloped 
profile grades may not have significant effects on 
tsunami-induced bridge superstructure forces, but can 
introduce moments on the superstructure. See Lynett et 
al. (2021) for more information. 

• Have supports oriented with the direction of the 
tsunami flow.

 These provisions apply to bridges with piers and 
abutments oriented parallel to the tsunami flow direction, 
whether skewed to the superstructure direction or not. For 
cases where the tsunami flow direction is within 
20 degrees of the support orientations, the equations 
provided herein can be applied with an acceptable degree 
of accuracy. For cases where the tsunami flow direction 
is not parallel to the support orientation but the total 
tsunami flow depth is such that the superstructure is not 
impacted by the tsunami, these Guide Specifications are 
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