Structural Design Requirement
on the Tsunami Evacuation Buildings
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Damage to RC buildings
(B@ar 2 —bEREVMDOHRE)

Most of the RC buildings were survived
without any structural damage
(ZL{DRCEEEMIHENICITFRITETHEELR)
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-+« However, severe damage were observed in a part of RC Buildings
(v=+ fF2, —RRORCEEEMICFRELHELRONT)




(1) Total collapse (f#li%)

(2) Collapse of 1ststory (1B ERiR)
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(3) Overturning (&xfEl)

Small openings
(BOADEELY)

The building overturned with climbing over the fence
— Huge buoyancy happened
(COFERYBRTEELI: > KSWEAHERLE)

Mechanism of overturning
(ERIDAH=X L)
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Resistance of piles
(HMIZ&KDIER)




(3) Overturning (&xfEl)

Overturning of RC buildings with pile foundation was observed

— Overturning moment due to tsunami load was larger than the resistance
to overturning by building weight and pile contribution
(MEROBREYMTLEEILI-LOMNRONT-

- BEIHICKBERIVE, BRFEICIYERSEDI DAL KEN o)
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Accumulated air under floor slab Influence to buoyancy
(RN EBIIRHATOEREEY)

It should be considered in the structural design

(BEHHTERSDE)

(4) Failure of walls (BDIE)

Shear walls and columns should not be
failed to resist to later tsunami and
aftershocks.
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T 5-OWIRSE TIEAESEL

AR

(5) Scouring  (%4#E)

Scouring happened at the corner of the building due to strong whirl stream of
tsunami (FEEITBLOZRDRIABENOI—F—BTHELGYKIEZET)
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(5) Scouring & Tilting  CGxiE - tERY)

. TR e £
A building with mat foundation tilted due to scouring
(AR & Y B 2 O B MRS L 1=fB1) I

(6) Sliding (i&&h)

Tsunami
pressure
GERIERN)

Pile foundation is effective to prevent sliding CBBIRFLLICIEMERDHR) |,

i

MDER)
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(7) Debris impact  (

Large trees rushed into the building
(FAOSASDRARDEA)

Failure of shear wall
(HBEM H L EELGES THHM HERDOWIR)
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Damage to steel buildings
(HEEEEVDOHEE)

16




(1) Failure of exposed column base
(BHEERORIE)

Rupture of anchor bolt, base-plate or welding part between column and
base-plate
(Foh—RILh R=RTL—h, HLLIEHER—RTL—r L DB IEI DR 17

(2) Failure of column top connection
(FERESHORIE)

(3) Overturning (#xfl)

4o s o =

Exterior finishing was survived. Then large tsunami load and buoyancy
happened.

(NEMBFEAERFLI 0 KEQENDEFAIMEALILEREND) 9

(4) Washed away of interior & exterior finishing
(RS EMOBEIE - i)
(5) Large residual deflection (Kz/EEBLER)
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Study on the structural design requirement
on the tsunami evacuation buildings

(GRREEE )L DEEREHEAICE T 51RE)
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Importance of tsunami evacuation buildings
GERBH#E JLDOEEIT)

= Evacuation to a high ground is a basic principle when
tsunamis occur GEROBEIZIEEE BEEARAI)

= If there is no high ground to evacuate to, a tsunami
evacuation building will protect human lives instead of
high ground (F&d%ECICELEF T, EREHEE LH
BEICRHOSTAGESTD)

Tsunami evacuation building should be prepared for
quick evacuation in coastal area

(BRI TORRTEBED O, ZEBHE L ORI BE)

L=

Proposal of the structural design method for tsunami evacuation
buildings GEREBE#E L DBEREHEDRE)
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Background (&)

General principles for the measures against

- Tokai E.Q. (May, 2003) (FiEhExt %K)

- Tonankai, Nankai E.Q. (Dec, 2003) (&5 - fEthE R E M)
by the Central Disaster Prevention Council (k&)

2004 Study on tsunami evacuation buildings (BCJ)
(GREGHHE)VICEH T 2RERE (B BFRERVE—)

2004.12.26 Indian Ocean earthquake and tsunami
(RIS ERBERR (AURFEXRER))

2005.6 The Guidelines concerning the tsunami evacuation
buildings etc, by Cabinet Office of Japanese Government
GERBHELZFICRDITIETAY (NERT)) G —
(BREHQ BEMEHOEERWLEZS)

Objective (BH#)

Review the structural design method of the 2005 Guidelines
(Japanese cabinet office) based on the observed damage
(RBARF THAFSA ) ISRESN B ERAHEE B E DEEICEDESHREL)

Tsunami pressure = 3 Xh
(EREE=FHRKEDMEDEZSDEFHKE)

Tsunami pressure GREKE) [
q

3 Z‘
Inundation depth
E _ (Ym®) KDBEREFEEER)

GEtH g | g . £
RIKER) hI g : Acceleration of gravity
° (m/s?) (EAMEE)

h:Design inundation depth
(m) (REHARKR)

p :Specific gravity of water
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New proposal based on the impulse of stream (FRZMFSL=HiT=1IRE) b




Analyzed structures (#&&txtREEWDHI)

-

Collapsed Building Survived Building Collapsed CB wall Survived RC fence
(HREEL -2 54) (RFELI-EEY) (FAEL=D 09 3) (3% 7FL7=RCH%)

Collapsed RC bridge Collapsed CB column Overturned stone Overturned seawall
(HRIZL1-RCE4:EHE) (BlELI-TOyoi) monument (EEEILI=B5ER);
(EEILI-R)

Relationship between a and damage pattern
(atBERREDOER)

>

o X :Damaged

structures
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X, % ;:Damaged
structures

0,$:No-damaged
structures
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HRIRKER) (m)

Damaged and no-damaged Damaged and no-damaged
structures were classified at a =1.0 structures were classified at a =1.5
(a=1.0BETHE EHTHEY (a=15FRETHE FEZHED
NES ey (%)) BRHIENDB)

Measured inundation depth (5H8I;2KZE) (m)
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Analysis based on the field survey
(BHHEFAEICE DR

1) Set the height of tsunami pressure at ah, and calculate
tsunami load
GEREEDTSZERKEN D aff LB E RNEHETE)

2) Calculate lateral capacity of structures
(BEYMDKEMHNERE)

3) Calculate a, when lateral capacity = tsunami load
OKEMD=KNELEH aTHH)

Tsunami pressure

N\

ah
Inundation depth

h

o peh | \Tsunami load = a’pgh?/2

Influence of defense
GERYD L)

Tsunami
direction
B e T R )
LR B | iy
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Influence of defense & distance from the sea
GEmMMDZE., BEMODIEMOTEE)

Influence of defense GE#&MIDEE)

Results of field

1 : 15 investigation
‘ (GREHRLY)

with defense | w/o defense
GERBHY) GE#MZL)

(Stream is reduced) €<—

Refer to previous guidelines & test results
(BREQHIRSAORBRERELSHR)

Influence of distance from the sea GEEM > DIEED L)

When distance = 500m, stream is reduced. Then|a = 1.5 |
(GEEAD500mEL LEENDERBANSSICHEFELDTa=1.5)
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Structural design requirement on the tsunami
evacuation buildings GZig#E#E )L O#EERTE)

Design target ($%&+H12)

1) Not to collapse (ElIELLLNCE)

2) Not to overturn (EE|LALNE &)

3) Not to slide (GEBILALIZL)

The walls and columns, for the tsunami contact side
shouldn’t be destroyed by the wave pressure
(SMEN= B B EE AR IE, KRR EICR L THRRL ARV S &5 7ERR)

w

Design flow (§&EtoFh)

(RHDEE)
® [ calculate tsunami pressure | @ [__calculate buoyancy |
| GEEREOHT) a) Buoyancy  b)Buoyancy
@ Calculate tsunami load for design of  for design of
CERRADHTE) superstructure foundation
©) ‘ Calculate story shear force | (EEpEEDRE (§m®=§!+l-ﬁi
(BBEABHOHE) l IZFW3iEH) W5i%H
® | Design of exterior elements
E DERE
® Design for debns 1mpact
)

@

Design for scourmg

(IS B1RED
Design for collapse prevention | (#Enias

4@| Design for overturning prevention | (

®’| Design for sliding prevention |(§§)‘D
(HpE2

EloRE)

@ [ Design of foundation beam |

DExED 31

(1) Calculate tsunami pressure GEERTEDEE)

Tsunami pressure is obtained as static water pressure distribution
with height of design inundation depth multiplied by coefficient a

(ZRREIFREGARKRDAEDHKETHESND)

Tsunami pressure GZEKE)
ah

Design inundation
depth (h)

R s E
2KER) h

apgh

a:Coefficient (RKFEED

h:Design inundation depth
(m) (FEHRARKR)

p : Specific gravity of water

g : Acceleration of gravity
(n/s?) (EAEE)

with defense w/o defense
GERMHY) GERMEL)
Distance from sea Regardless of
or river G A1 = 500m < 500m distance
EhoDEERE) (BEREICKDT)
a 15 2 3

(t/m®) kO BEAFRER)




Tsunami direction

- ‘ RS
Sea

Tsunami direction

a=15 a=2.0 « ——
500m .

s Defense
E———
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Calculate @) tsunami load & @) story shear force
CERENSIVEFAMDDEE)

Tsunami load can be reduced due to ratio of openings
GERRAIZBANEICECTERTES)

Lower limitis 0.7 CEAIZE|BEAOD7EIZTRET S)

: 4

@ Calculate buoyancy GEHDEFE)

Buoyancy influences to design of collapse prevention,
overturning prevention and sliding prevention, should be

calculated
(fEI3RRH AL ERfBIRALL . JBEIBH L DRETICEZERZR T 2 F HEEET D)
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®) Design of exterior elements (fit E &34t D)
Tsunami load = Ultimate capacity of columns and walls
CEREEICEYVELS N = BMRFARE)
Failure of columns and walls should be prevented
(LM HENBAIZE > THRIELLNZ L4 /ERR)
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® Design for debris impact
CERMIcx4 585t

Preventing failure of walls and columns is not easy
(BRI L- T - B EM OMIRERH LT 5D (T HE)

Axial capacity of each story should be kept even after
the failure of exterior column or wall due to debris impact

(SMERICE Y HAEFARRDICEVIEL T, TDMANZFEENER
RLBVDREFTIHFTESLERERT D)

(@ Design for scouring GEIEIZx 3 5485t)

Pile foundation is recommended to prevent tilting of

superstructures due to scouring
CEIBISH L T LB EEMERLEWSSMEREHET SH)

. Mat foundation (ﬁ?&%ﬁ%

Design for collapse prevention

(BRI DR ED)

Story shear capacity > Story shear force
(BBEOKEM N > FRICEDBEICELDN)
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(9 Design for overturning prevention
sEIFLIE DR ES

Axial capacity of piles > Axial force of piles
(M OBRIZFF A or BRR5$RIEH S > HOBA R AN)

40
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Design for sliding prevention

GBI

Lateral capacity of piles > Lateral force of piles
(MOKEM A > MICERT DREFE)
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Base shear required for tsunami evacuation buildings

GRERBHE LICERINDAE)
(In case of RC residential buildings : RCE£&FEDIHE)

Cs: Base shear coefficient in short direction (1B B+ A M HZRED)
Inundation depth (B

5m 10m 15m

a=3.0 C? Ce#283 | Cp74%6

a=2.0 8 C4 Cq
a=15 08 C6

© : Strength due to seismic design is larger than strength due to tsunami design
J(:eé%a)pt piles and foundations) (i&EHZRE, ERBEITHEBRI OHHERREE

O : Meeting demand is available by increase of strength (need special consideration for
piles and foundations) (BXEtERDFE B ILATHE, 1<72L . MEBERIIHATRFAZET )

A : Require special consideration for increase of strength of super-structure, piles and
foundations (L#f#EiE. . BROBEEAE(EHI-HDHANLIXEET D) 42

Design example (G&%&t41)

Inundation depth (;2k%E) = 10m,

a=20

Increase steel bars in columns and beams (4 - éﬁ@ﬁﬂﬁ‘ﬁ’éiﬁﬂbu—)
- Increase wall thickness (230—350mm) (ZEEDit HEEZEELLT)
- Increase pile diameter (13000—19000) (#FEEKRELLTE)
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Design of tsunami evacuation building
GEREEHE LDOERED)

Design tsunami force is capable of over seismic force in
case inundation depth is larger than 10m (R/KZEH1OmEBZ S
& RETRAMENALYLERNOANKRELEEIENH D)

High capacity buildings required (it EBi% &t & YRV EEMHNKE)
v’ thicker wall, much steel (B%E<. - ZDEHESL)
v’ bigger, longer piles (fizA<. £<)

— available with conventional techniques (# & Cxtr )
44
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Conclusion
(FEH)

It is highly expected the proposed structural design method

accelerate construction of tsunami evacuation buildings for
protecting lives from tsunami disasters.
(RELEERIHAINRRBHE )L ORBREREL, MEST
LB KICETHIENKRVICHIFIND)

BRI will continue the technical support for recover of the
disaster area as quick as possible.

(BEMEAIE., HEHOD—BELENERDHIZ, T5HD
BT BEHITTLKFE)
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