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ackground Information on the
Objective of the ASCE TLESC

A national standard for engineering design for tsunami effects
written in mandatory language does not exist. As a result,
tsunami risk to coastal zone construction is not explicitly and
comprehensively addressed in design.

The Tsunami Loads and Effects Subcommittee of the ASCE/SEI 7
Standards Committee is developing a proposed new Chapter 6 -
Tsunami Loads and Effects for the ASCE 7-16 Standard.

Anticipated completion by TLESC in November 2013

Review by ASCE 7 Main Committee in 2014

ASCE 7-16 to be published by March 2016

ASCE 7 Tsunami Provisions will then be referenced in IBC 2018

Local jurisdiction codes could decide to adopt Chapter 6 earlier.
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PTHA — probabilistic tsunami hazard assessment:

1. Co3paeTcsl KaTanor BO3MOXHbIX 3eMJIeTPACEeHUN Ha
nepuop B 10000-100000 net

2. NMpoBoaAaTcA pacyeTbl pacnpocTpPpaHeHUs1 LyHaMm1 OT
Ka)Xkaoro 3eMrieTpsiCeHus

3. Mony4yaeTca KaTanor BO3MOXHbIX LlyHamMu
(1000-10000 co6bITUN)

4. OueHUBaeTCA BEPOATHOCTb KaXXaoro coobiTus

Probabilistic Tsunami Hazard Analysis: Multiple Sources
and Global Applications Reviews of Geophysics, 55, 1158—1198 (2017)

Anita Grezio' ', Andrey Babeyko?, Maria Ana Baptista® ', Jorn Behrens* ', Antonio Costa'" ,
Gareth Davies®, Eric L. Geist®" , Sylfest Glimsdal’, Frank |. Gonzalez®, Jonathan Griffin®

Carl B. Harbitz®, Randall J. LeVeque® ', Stefano Lorito® ', Finn Levholt’" ', Rachid Omira®,
Christof Mueller'® ', Raphaél Paris'’, Tom Parsons® , Jascha Polet'?" ', William Power'?,
Jacopo Selva'" ', Mathilde B. Sorensen'?, and Hong Kie Thio™

5. anHMMaeTCﬂ Aonycrmmoe 3Hav4yeHne BepoATHOCTU
(sakoHopaTenbHo) U NMOJTy4YaeTCA pacyHeTHOe 3Ha4YeHue BbICOTbI

LyHamu
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Methodology for Development of Physics-
Based Tsunami Fragilities

Navid Attary, John W. van de Lindt, Vipin U.
Unnikrishnan Andre R. Barbosa, and Daniel T. Cox

Journal of Structural Engineering, 2016
http://dx.doi.org/10.1061/(ASCE)ST.1943-541X.0001715

“Tsunami forces are broadly classified as
hydrostatic forces, buoyant forces,
hydrodynamic forces, impulsive forces, and
debris impact forces [FEMA P-646]"
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Tsunami inundation modeling in constructed environments: A physical and @Cmm
numerical comparison of free-surface elevation, velocity, and momentum flux

Hyoungsu Park **, Daniel T. Cox %, Patrick J. Lynett °, Dane M. Wiebe °, Sungwon Shin ©

|
Ff = 5 ,OWCDU2S S=DB

Momentum Flux

He BKknro4vaeT

_ * 2 napameTpbl
— CTPOUTENbHbIX

KOHCTPYKL UMW



Porter, K., 2017. A Beginner’s Guide to Fragility,
Vulnerability, and Risk. University of Colorado
Boulder, 101 pp., v - m)-o 15|
http://spot.colorado.edu

/~porterka/Porter-beginners-

suide.pdf
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Why the lognormal cumulative distribution function
is widely used for fragility

At least four reasons justify its use: 0.00
1. Simplicity. It has a simple, parametric form for approximating an uncertamty quantity that
must take on a positive value, using only an estimate of central value and uncertamty,

2. Precedent. It has been widely used for several decades in earthquake engineering.

3. Information-theory reasons. It is the distribution that assumes the least if one only knows
that the variable is positively valued with specified median and logarithmic standard deviation.
4. Often fits data. It often reasonably fits observed distributions of quantities of interest here,
such as ground motion conditioned on magnitude and distance, the collapse capacity of
structures, and the marginal distribution of loss conditioned on shaking.
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Log-normal Distribution
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Van Dorn, W.G.: Tsunamis. Advances in Hydroscience (Ed. V.T.Chow).
Acad. Press, London, 2, 1-48, 1965.

Kajiura, K.: Some statistics related to observed tsunami heights along
the coast of Japan, Tsunamis - Their Science and Engineering,
Terra Pub., Tokyo, 131 — 145, 1983.

Go, Ch.N.: Statistical distribution of the tsunami heights along the coast,
Tsunami and accompanied phenomena, Institute of Marine Geology and
Geophysics, Sakhalin, 7, 73-79, 1997.



Cumulative Distribution (Integral from pdf)
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Choi, B.H., E. Pelinovsky, I. Riabov, and Hong S.J.: Distribution functions
of tsunami wave heights, Natural Hazards, 25, 1-21, 2002.



Distribution Functions Tsunamis 1992-2000

* Flores Island, Indonesia, December 12, 1992,
» East Korean Coast, July 12, 1993,
» Hokkaido Island, Japan, July 12, 1993,
« Java Island, Indonesia, June 2, 1994,
P » Kurile Islands, Russia, October 4, 1994,

1.0- » Mindoro, Philippines, November 14, 1994,
* Chile, July 30, 1995,
» Sulavesi Island, Indonesia, January 1, 1996,
- » Western Irian, Indonesia, February 17, 1996,
* Peru, February 21, 1996,
* Papua New Guinea, July 17, 1998.
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Choi, Pelinovsky, Hong,
Geophysical Research Letters, 2006
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Nat Hazards (2016) 84:1257-1285 @ CrossMark
DOT 10.1007/s11069-016-2485-8

ORIGINAL PAPER

A proposed methodology for deriving tsunami fragility
functions for buildings using optimum intensity measures

Joshua Macabuagl » Tiziana Rossetto' * Ioanna Ioannou’ *
2 . 3 . 2

Anawat Suppasri” * Daisuke Sugawara” * Bruno Adriano” -

Fumihiko Imamura® + Ian Eames' + Shunichi Koshimura

Table 4 Damage state definitions used by the Japanese Ministry of Land Infrastructure Tourism and
Transport following the 2011 Great East Japan Earthquake and Tsunami

Damage Description Use
state
DSO No Water does not enter into the building Immediate occupancy
damage footprint
DS1 Minor Water enters below the ground floor Possible to use immediately after
damage minor floor and wall cleanup
DS2 Moderate ~ Water inundates to less than 1 m above the  Possible to use after moderate
damage ground floor repairs
DS3 Major Water inundates to more than 1 m above  Possible to use after major repairs
damage the floor (but below the ceiling)
DS4 Complete  The building is inundated above the ground Major work is required for reuse of
damage floor level the building
DS5*
DS5 Collapsed ~ Structural elements are significantly Not repairable
damaged
DS6 Washed The building is completely washed away  Not repairable

away except for the foundation
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Ground-Truthed Commercial Buildings
Water Depth
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doi:10.5194/nhess-11-2835-2011 and Earth

Nat. Hazards Earth Syst. Sci., 11, 2835-2846, 2011 y 1
www.nat-hazards-earth-syst-sci.net/11/2835/2011/ G Natural Hazards
© Author(s) 2011. CC Attribution 3.0 License. System Sciences

New tsunami damage functions developed in the framework of
SCHEMA project: application to European-Mediterranean coasts

N. Valencia!, A. Gardi!-", A. Gauraz?, F. LeoneZ, and R. Guillande!

for a flow depth h

Probability of having or exceding a damage level "Di"

Field recognition . . L <. -
N gm Field view Acerial view Recognition criteria by EO
criteria
Beach or sea front light Flat roof, steel sheets Small to very
constructions: small surfaces. Extended surfaces in

‘Wooden, timber, clay
matenals, or zinc slabs.

case of beach activities (restaurants,
bars)

Brnck not reinforced .| Simple geometry (square, rectangle).

: : 3 : : : : : Cement mortar wall, Flat or slope roofs, tile roofs. Little

(0] R """" " """"""" """"" #;‘ ‘ T ERTERETRE Fieldstone, Masonry. One extension or surface. Located in the
: D] 5 o K storey. old town.

Brick with reinforced
column & masonry filling.

More complex geometry. Several
levels of roof and several annex.
Pitched roof. Medium to big

sample data D1 One or two storeys. dimensions.
sample dataD2 | |
sample data D3
sample data D4
sample dataD5 | | N N inf d

: on(-:mgm b 'Irel' gsorce Tiles roofs.
" e it i Collective use. Two to four Located in old town. Elongated
0 1 9 10 geometry.

Flow depth h (m)

floors




Nat. Hazards Earth Syst. Sci.. 15, 2669-2695. 2015
www.nat-hazards-earth-syst-sci.net/15/2669/2015/
do1:10.5194/nhess-15-2669-2015

© Author(s) 2015. CC Attribution 3.0 License.
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Scenario-based assessment of buildings’ damage
and population exposure due to earthquake-induced
tsunamis for the town of Alexandria, Egypt

G. Pagnoni, A. Armigliato, and S. Tinti



Table 3. Building classes according to the project SCHEMA (Valencia et al.. 2011). Any reference to building exposure is removed.

Class Building attributes

Al  very light isolated constructions: wooden. timber, clay materials

I. Light very light constructions without any design (like in a
constructions A2  shanty town): a very rudimentary set of huts, built using
wood, clay, timber and slabs of zinc

very concentrated light constructions (like in old
towns): wooden. timber and clay materials

II. Masonry B non-reinforced brick: cement. mortar walls, fieldstone. masonry

constructions c mdividual buildings. villas: brick with reinforced
and non- column and masonry filling
reinforced D large villas or collective buildings, residential or
concrete commercial buildings: non-reinforced concrete
III. residential or collective structures or offices. car parks.

. El .
Reinforced schools; reinforced concrete, steel frames
concrete ,  residential or collective structures or offices. car parks.

E2 > 3 levels

constructions schools. towers: reinforced concrete, steel frames




Table 6. Damage to buildings and exposed persons under the hypothesis of mean-sea-level conditions.

Flow Number  Area  Number Number of buildings Persons
depth of cells  (km?) of DO DI D2 D3 D4 D5

(m) buildings

0.0-0.5 744 4.76 4809 0 4809 0 0 0 0 59702
0.5-1.0 685 4.38 3881 0 3866 15 0 0 0 48181
1.0-1.5 395 2.53 2018 0 1808 189 21 0 0 25052
1.5-2.0 280 1.79 1118 0 972 123 23 0 0 13879
2.0-25 185 1.18 396 0 209 8 74 28 0 4916
2530 107 0.68 141 0 68 40 22 11 0 1750
3.0-4.0 37 0.24 350 0 27 3 0 5 434
Total 2433 15.57 12398 0 11732 479 143 39 5 153916

Xopolwo Obl Ha TaKOM Xe A3blKe UHTepnpeTUpoBaTh LUKany
WHT@HCUBHOCTM LlyHaMH1, TUNa HOBOWU LUKanbl
NMonagonynoca-Ummypbl
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BnuaHue pamObl Ha nocenok — ponb Yncna dpyaa
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3aKknro4vyeHume

CyLiecTByloLMe MeToabl pacyeTa LlyHaMun NO3BONMAIOT:

« cpenaTb OLieHKM CUITOBOIro BO34enNCTBMUSA LlyHaMun Ha
OAMHOUHbIe nperpaabl U BepTUKanbHble CTEeHKH,

* oueHUTb 3pPeKTUBHOCTb AaMO U CTEHOK,

° I'Ipe.qcxasaTb 30HbI CUJIbHOIO pa3MbiBa AHa

A 3aTeMm yXe nepexogouTb K 6onee CrNoXHbIM
3D moagenam onAa mManbiX akBaToOpun



A nycTb Hawm oetm CNOKOUHO CMOTPAT Ha Mope!



