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Introduction
* Case study of Noto Peninsula earthquake 2007

— Seismic performance of timber structures

— Rehabilitation and seismic strengthening

 Devastated district

— Regional city (70persons / km?)

— Depopulation, aging society and traditional townhouses
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Over 2,000 houses were
severely damaged

Most of the damage
occurred in Wajima City




Construction year of existing

timber houses 1n Japan

Structural Type of Existing houses Construction Year of Existing Timber
in Japan (46,862,900 units) houses in Japan (28,759,000 units)
Steel unknown

Frame 6% 4 1951-

Reinforced

Concrete
32%

Timber
62%

 Before 1950 : 8%
 Before 1980: 45%



Dlstrlbutlon of constructlon year of

Timber housesin Former Wajlma City
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Year of Construction
Wajima City
* Betore 1950: 15% Population: 32,000

e Before 1980: 70% Houses: 7,020 units
70persons/km?2




Damaged
townhouse

Hashiride, Wajima

OOTANI
Sea of Japan

WAJIMA

T Anamizy
A
v Town

- = = Preliminary Investigation
[] Detailed Investigation

7
6+
2, OJMA

5 O K-net (NIED)
g A Municipality

2
1

Seisimic Intensity Scale
(JMA scale)

MNakanoto
Town

50km

30 40




8550 3550

1820 _ 1820 _ 1820 _ 1820 . 2270 1820 1820 1820 1820 2270
De + SO
C X7 X6 X5 X4 K3 X0 X X7 B X5 XA X3 XD X
> " =- T Y1 —— - - - - I Y1 —
=
a Yo ——y
gatic f o
=t
L Ll - L g s
& ——
. B Y3 — 2 ~ 43
- | mn = | \< / =
& % g
C . . C — 1 Ch3] BEG Ch5, |Ch7 N
./ = = v4 — ;\ =T - V4 —
L Ch4 — I Ché Ch8 ‘
y OUSE i : * :
| | & ] 2 <
Cht &
] Ni— TS ; Ve 4 T
Eﬁjﬂ Ch2 g 2 | g
V6 — S " Y6 —
g =
&
— = V7 — : - - z
8 I [anl
& 1
Vg —4 fo------ A | - Vg
- | t i :
] | ! u ;
= & i H ‘
: ! : ] 7 2F Plan
:  — Y9 — ! | rY ‘
=5 -.‘lﬁ | <ﬂ T
\"-li 7 l |
I .’ J . - .-.- g : ,,,,,,,,, 1 _
SrETLr = T L - <y ) |
LS e — - h\:i ; i T T i il 4
- = > ” V10— =Che :
e 2440
:* = J 3 Chs|
5 5 ] I _Y{_VoFL
1' T—Ch6_T
P 2446
: - ch3 Chf Y IFL
¥ | Gref 1F Plan o :Tﬁ&-rl—l—l—l—i—i—m—'ﬂ;;_—r_—r}—_— S GL
5 By g = Ch2
B R s el NS Section




L : : direction | Horizontal | Seismic | Seismic
Seismic Diagnosis load ‘Force | Index

__ : carrying
capacity

kN

4

L
hl!'llil
WL
HEH LT
'”n'.linu
WL
'l]llkill'ullil
]

Ll fitt
g

Seismic Index

1.5 or more Safe

1.0~1.5 Low possibility of collapse

..
!———__._

.
' .
..
-
g
= e

‘

0.7~1.0 Possibility of collapse
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_
» Steel bracing (temporary emergency measures)




structures accurately
— Basic structural data based on experiments

— Seismic diagnosis of existing timber structures

» Efficient methodology and devices for structural
reinforcement

Enforcement of structural reinforcement 1s not high
Over 10 million timber houses 1n need
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* Vacant lots inside the city after the earthquake
7,000 housing units > 6,500 households




houses
Existing
Vacant
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Rebuilt
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Q- Investigation one years after the
w8 earthquake (April 2008)
v by Matsumura- Seike- Fujita Studio UT




Townhouse damaged by the

mm)p demolished
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* Town houses designed for dense urban district
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» Seismic diagnosis/strengthening of existing houses
— Number of houses are sufficient
— Preservation of architectural heritage

— Environmental sustainability

 Efficient methodology and devices for structural
reinforcement

— Technical, economical

— Enforcement 1s the main problem

 How do we design the shrinking regional cities




