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USA CODES AND STANDARDS
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ASCE 7-16 TSUNAMI LOADS & EFFECTS

»Planning and Siting
»Structural Design

»Post-disaster reconstruction to Build Back Better /
>
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TSUNAMI-RESILIENT ENGINEERING SUBJECT MATTER
INCORPORATED IN ASCE 7

Consensus on
Seismic Source

Scope of Sources and Frequency Assessment by USGS

ASCE 7 - '
Tsunami Generation
Chqpier [ Distant and Local Subduction Zones

Open Ocean Propagation

Offshore Tsunami Amplitude

Coastal Inundation and Flow
Velocities

Fluid-Structure Interaction

Structural Loading

Structural Response

Scour and Erosion

Performance by Risk
Category

Consequences y
(Life and economic losses) e ya

Warning and Evacuation
Capability




GENERAL INFORMATION —
WHAT BUILDINGS ARE
SUBJECT TO CHAPTER 6
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HAZARD
DETERMINATION
AT BUILDING SITE
(I.LE. DEPTH &
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ASCE TSUNAMI-RESILIENT DESIGN PROCESS

» Select a site appropriate and necessary for the structure

» Select an appropriate structural system mindful of
configuration and perform seismic and wind design first

» Determine the maximum flow depth and velocities at the site
based on mapped Runup based on probabilistic tsunami

hazard analysis. /
» Check robustness of expected strength within the inundation

height to resist hydrostatic and hydrodynamic forces
» Check resistance of lower elements for hydrodynamic

pressures and debris impacts to avoid progressive collapse

» Design foundations to resist scour and potential uplift

» Elevate critical equipment as necessary




SCOPE AND GENERAL REQUIREMENTS /




Risk Category |

Risk Category i All buildings and other structures except those listed in Risk
Categories |, llI, IV

Risk Category Il Buildings and other structures, the failure of which could pose a
substantial risk to human life.

Buildings and other structures with potential to cause a substantial
economic impact and/or mass disruption of day-to-day civilian life
in the event of failure.

Risk Category IV Buildings and other structures designated as essential facilities

Buildings and other structures, the failure of which could pose a
substantial hazard to the community.




SCOPE OF CHAPTER 6




HOW PTHA AND TDZ BASIS OF DESIGN ARE INTEGRATED
INTO THE ASCE STRUCTURAL DESIGN PROCESS

» PTHA-based design criteria - The method of Probabilistic
Tsunami Hazard Analysis is consistent with probabilistic
seismic hazard analysis in the tfreatment of uncertainty.

» Maximum Considered Tsunami — 2500-year MRI /

» Probabilistic Offshore Tsunami Amplitude maps and Tsunami
Design Zone inundatfion maps

» Tsunami inundation mapping is based on using these
probabillistic values of Offshore Tsunami Amplitude

» Hydraulic analysis or site-specific inundation analysis to
determine site design flow conditions

» Physics-based fluid loads, debris loads, foundation demands

12




PTHA DERIVED MAX. CONSIDERED TSUNAMI
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Probabilistic Tsunami Hazard Analysis

— Moment Magnitude and Slip, Source
SOURCE

Locations, and Recurrence based on

Seismology

Propagation per long wave equations
PROPAGATION in deep ocean to determine amplitude
and period at offshore locations

Inundation limit and Runup
SITE ANALYSIS of

determined by nonlinear wave
DESIGN

propagation models

Probabilistic Maps of Offshore
Amplitude, Inundation Limit and

DESIGN MAPS
Runup for 5 states




TSUNAMI DESIGN GEODATABASE IS HOSTED BY ASCE
ON AN ELECTRONIC DATABASE




ASCE TSUNAMI DESIGN GEODATABASE AS
IMPLEMENTED HTTPS://ASCE7TSUNAMI.ONLINE/
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Figure 6.2-1
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TSUNAMI FLOW CHARACTERISTICS

» Energy Grade Line Analysis method, EGLA
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» Site-Specific Probabilistic Hazard Analysis /
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TSUNAMI LOADS

» Hydrostatic Forces
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» Hydrodynamic Forces
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» Waterborne Debris Impact Forces
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FOUNDATION DESIGN
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STRUCTURAL RELIABILITY /




BASICS OF RELIABILITY ANALYSIS

>

R = resistance

GOAL: LIMIT THE OVERLAP, LE.,
PROBABLITY OF FAILURE



Earthquake Tsunami Earthquake Tsunami (MCT)

Risk Category Probability of failure* in 50-yrs Failure* probability conditioned on
Maximum Considered event

(MCE)

1% 0.3% 10% /%

| m B 027 56% 45%

0.3% 0.1% 2.5-3% 2.5-3%

Vertical Evacuation 0.3% <0.1% 2.5-3% 0.5-1%
Refuge Structures

* Tsunami probabilities are based on exceeding an exterior structural componept’s capacity that
does not necessarily lead to widespread progression of damage, but the seismi¢ probabilities are for
the more severe occurrence of partial or total systemic collapse.




SUMMARY

» The ASCE 7 provisions constitute a comprehensive method for
reliable tsunami structural resilience, making fsunamis a required
consideration in planning, siting, and design of coastal structures
in the five western states of the USA.

» Probabilistic Tsunami Hazard Analysis is the basis for the 2475-yr
MRI Tsunami Design Zone maps.

7

» Specified design procedures are provided for all possible loading
conditions to achieve target reliabilities based on Risk Categories.

» Coastal communities and cities are also encouraged to require
tsunami design for taller Risk Category Il buildings, in order to
provide a greater number of taller buildings that will be life-sa
and disaster-resilient, especially where horizontal egress inlond to

safe ground takes longer than the fravel time of the tsungmi.




