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Outline 

ÁPerformance of Vertical Evacuation Buildings 

during Tohoku Tsunami 

 

ÁFEMA P-646 design guidelines 

 

ÁFEMA P-646 update ï Second Edition 

 

ÁPossible funding mechanisms 



Evacuation to high ground 

Kamaishi Example 



Evacuation to high ground 

Kamaishi Example 



Use of Designated Tsunami 

Evacuation Buildings 

Designated 

evacuation 

building 

Kamaishi 

Merchant Marine 
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All buildings  
destroyed 

 

Video 

Velocity of Kamaishi flow from evacuation hill.mov


 



Matsubara Apt. 2007 

Vertical Evacuation Bldg 

Hospital 

EOC 

Warning and Evacuation 

Minamisanriku  

14.4% fatalities - 1222 out of est. 8480 in inundation zone 

School 

School 

School 

Sports Field 

Seawall 

Fisheries Coop 



Effective Vertical Evacuation 
Matsubara Community Apt. Bldg. - 2007 

ÁHigh-rise tsunami evacuation buildings can be effective 

refuges, but must be high enough! 

ÁNew 4-story reinforced concrete coastal residential 

structure with public access roof for tsunami evacuation 

Concrete building survived tsunami, but roof 

evacuation area inundated by 0.7m water 

44 refugees, including several children, 

survived on roof evacuation area  



Effective Vertical Evacuation 
Matsubara Community Apt. Bldg. - 2007 

ÁSignificant scour around corners of building 

ÁCollapse prevented by deep foundations 



Varied Performance of Reinforced 

Concrete Buildings 

ÁVaried performance of neighboring concrete 

buildings in Minamisanriku 



Essential and Emergency Response Facilities in 

Harmôs Way (over 300 disaster responders killed) 

 
ÁMinamisanriku Emergency 

Operations Center 

ÁMayor Jin Sato, and 29 

workers remained at center to 

provide live warnings during 

inundation 

Å24 made it to the roof 



ÅBut only Sato and 

8 others survived 

ÅTragically large 

loss of lives at 

adjacent hospital 

EOC  and Hospital in Background at Minamisanriku 



  Minamisanriku  Hospital 
RC building with seismic retrofit  

Å  Hospital was occupied during the tsunami (320 survived) 

Å  Some patients were moved  to evacuation zone on roof  

Å  Three full stories of patient drowning fatalities (71 dead) 



Minamisanriku  Fisheries 

Cooperative 

ÁDesignated evacuation site, though only 2 floors 

ÁOvertopped by tsunami 

ÁReportedly not used during the tsunami 



Report on Performance of 

Evacuation Structures in Japan 

ÁBy Fraser, Leonard, 

Matsuo and Murakami 

ÁGNS Science Report 

2012/17 

ÁApril 2012 



Guidelines for Design of Structures for Vertical 

Evacuation from Tsunamis (FEMA P646) 

ÁDeveloped by Applied 

Technology Council as 

ATC-64 

ÁFEMA Funding 

ÁFirst published 2008 

ÁFEMA 

ÁMichael Mahoney 

ÁRobert Hanson 

ÁATC Management 

ÁChristopher Rojahn 

ÁJon Heinz 

ÁWilliam Holmes 



Guidelines for Design of Structures for Vertical 

Evacuation from Tsunamis (FEMA P646) 

ÁProject Team 

ÁSteven Baldridge 

ÁFrank Gonzalez 

ÁJohn Hooper 

Á Ian Robertson 

ÁTimothy Walsh 

ÁHarry Yeh 

ÁSpecifically developed for 

vertical evacuation 

buildings, not general 

building stock 

ÁNon-mandatory language - 

Guidelines 



Guidelines for Design of Structures for Vertical 

Evacuation from Tsunamis (FEMA P-646) 

Á Issues raised during design 

of Cannon Beach refuge 

and prototypical buildings 

ÁModified as ATC-79 

ÁProject Team 

Á Ian Robertson 

ÁGary Chock 

ÁJohn Hooper 

ÁTimothy Walsh 

ÁHarry Yeh 

ÁRevised 2012 ï in print 
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