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1 .Summary of Damage

® Ataround 12:35 p.m.on May 6, 2012, (holiday) a tornado formed in Joso City,
Ibaraki Prefecture and moved toward Tsukuba City.

® Meteorolog1ca1 Agency Japan acknowledged that the tornado was estimated
to be of the F3 class on the Fujita Scale, based on the degree of damage

Tsukuba
Joso 0 0 0 0
: Residential 1093
Lo Non-residential 121 12 54 255 442
Joso Residential 12 12 28

Non-residential 16 16
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2. Location of Damage area
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Tornado ran about Skm near NILIM and BRI.
NILIM and BRI took field surveys in Tsukuba City immediately

after the tornado in order to evaluate the state of damage to
buildings and other structures.



Ranking of wind damage

Tsukuba

Rank 1 (Extremely minor damage)

Home television antennas are bent. Gutters have fallen
off roofs. Small branches are broken, and leaves are
strewn about. '

Rank 2 (Light damage)

Roof tiles are knocked out of place. Roof tiles, shingles,
metal roofing materials are partially (less than 30% of roof
area) strewn about by eaves, verges, etc. Large branches
are broken.

Tiles, shingles, metal roofing materials, etc., from a
wide ' area of the roof (more than 30%) have been
knocked off, and a large area of sheathing roof boards
is visible. Some windows are broken. Minor damage
to exterior walls. Large trees have fallen over.

Rank 4 (Major damage)
There is damage to roof rafters, purlins, etc. Roof trusses
are torn apart. Numerous windows are broken.

Rank 5 (Devastating destruction) -
Homes/buildings have collapsed.

All damagéd buildings in Tsukuba city were estimated using a ranking of wind
damage, which Okuda, Kikitsu and Nishimura (2006) proposed.



Distribution of Damage in Hojo District

Estimation of Damage' to Buildings by Ranking of Wind Damag'e




Distribution of Building Damage in Tsukuba
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Central path of the tornado: Miyagi (2012) estimated it from the tornado images taken from the area
surrounded by dotted red line.

The central damage line and the estimated central path of the tornado are roughly parallel to each other,
with the central damage line proceeding about 35 m to the right side of the central path of the tornado.
Assuming the Rankin vortex model for the tornado, maximum wind speed radius was estimated to be
nearly 35m in the dotted red circle .



.9 1ATE O DANIAGE 10O BUILDINGD
(1)Overturned superstructure with fou_ndation

The condition of the second floor of 2 story wooden house (about 2 year old)
confirmed that it had been flipped upside down, but the roof truss and the first floor
section could not be found.

An aerial photo confirmed that members on the right side of the tornado’s traveling
direction were scattered about.
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Scattering of the superstructure

. | Wt » = 5T Superstructures of 2

" : house in the front of
the 5 story RC
§ apartment building,
were completely
| scattered to the

apartment building.

Foundation (corner section) of the

1st story floor of the structure remained. :
structure remained.
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(3) Collapse and other damage of superstructures
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An old wooden house was collapsed.

A new wooden warehouse was collapsed but roof
tiles which were not so much damaged were
hastened with screw nails. kel
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(4) Damage to roof trusses

Numerous examples of damage to roof
trusses were found. Wind pressure
coefficients on the roofs are changed
according to the shape of the roof.
However, it was determined that
damage was not related to the roof
shape.

Pent roof
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Damage to Steel-Frame Buildings

‘-——'—‘

Residual deormation of
Steel-frame structure

"'" ‘ - -~

Overturning of car port 13
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&
Damage to Exterior of Wooden Buildingr

Displaced roof tiles

External finishing fall off
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Damage to Exterior and Interior of Engineered Building

Pinishing materials torn off the. underside
of a walkway

Damage to interior materials 'Damage to a CQii
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Damage to Exterior of 5 story RC apartment building

There was remarkable damage extending to all floors facing the south of the
building by wind pressure and flying debris.
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Damage to Exterior of other buildings

North Industrial Park
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EJVehicles and trees
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&
Flying debris
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&
Damage state induced by flying debris

Damage to openings of School building

Another tornado hit a school building in Moka City. There no person in all
class rooms because that date was holyday. Tornadoes attacked school
buildings in Toyohashi(1999), Saga(2004), Moka(2012) and so on.
Ministry of Education, Culture, Sports, Science & Technology (Mext)
proposed an incentive to reduce the disaster in school bulldmgs such as
introduction of laminated glasses to openings.
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Estimation of Wind Velocity Based on Damage

Pattern in Buildings
-Example of Collapsed Wooden Buildings

Condition of crushed stone under

State of a mat foundation

The foundation was completely ‘the foundation |
reversed. Damaged stepping- There were almost no traces of the
stones of the entrance was crushed stone beneath the
remained. . foundation having been dragged.

Outdoor units of an a1r COIIdlthIIeI
was remained. 21



Scenario 1l
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Usual estimation of tornado wind velocity

If horizontal uniform wind acted on a house, the critical wind
velocity at the start of overturning of the house was
calculated as about 97m/s (F4).
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Test calculation of Critical Wind Velocity of 53 Japanese wooden
houses
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O Critical wind velocity for collapse Wc (m/s)

Relationship between wind velocity Wc when the houses collapse from

loss of horizontal resistance and wind velocity Wo when they are
overturned in the uniform flow.

Wo>Wc in the almost cases. It means that generally Ta'panese wooden
houses collapse before they overturn. | 23




Scenario 2 (Tornado Simulator results)
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2) If the maximum wind force for vertical direction is estimated as the difference
of atmospheric pressures of tornado (C,=C_ -C,=C_ -C_.’:C, on the roof
and Cpi’ under the foundation), based on the results of the tornado simulator, the
critical wind velocity at the start of overturning was about 78m/s or 68m/s.

Experimental conditions are in Table 1.
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5. Conclusion and Future Task

Summary of Damages
More than 1000 buildings were damaged.

Damage of Distribution in Tsukuba City

Width of severe area was about 200m. Maximum wind velocity radius of the
tornado was about 35m.

State of Damage to Buildings

Overturned, Scattered, Collapse of superstructure were observed.
) Estimation of Wind Velocity Based on Damage Patterns in

Buildings

Critical wind velocity was estimated for the overturning house and so on.

Development of Tornado loads for special buildings
Development of estimation method of components and
claddings for Japanese flying debris including Japanese
roof tiles

25
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Presenter
Presentation Notes
北条地区の中心部において昭和戦前までに建てられた歴史的な建造物と確認されたものは60世帯137棟で、全体の約3分の1に達する。
被災がみられた約300メートルの範囲内で、歴史的建築物を所有する60世帯のうち34世帯が竜巻による何らかの被害を受けた。
被災した歴史的建築物は137棟のうち85棟。同地区の一般建築物と比較すると、被害程度は小さい。
被害の程度別に見ると、全壊は2棟で、いずれも門である。その他は半壊または、一部破損で、主な被害は、瓦・トタンの破損、開口部の破損である。
用途別にみると、店舗21棟、住宅28棟、蔵23棟、門納屋等13棟が被害を受けた。




Presenter
Presentation Notes
被災した歴史的建築物には、土壁を厚く塗った土蔵造で、屋根が瓦葺の建物（主屋、土蔵他）が多く含まれていた。1棟の土蔵で、屋根面の一部と壁の一部が破壊したが、他の建物では、屋根面や壁の破壊は発生せず、屋根瓦の飛散だけで被害がとどまった。
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Presenter
Presentation Notes
屋根瓦だけが飛散したものが多かったのは、
土を用いた瓦葺きで、経年劣化により葺き材と下地が一体化した構造でなかったものも多いことによると推定

土蔵造り建物の被害が少なく、最も被害の多い地域でも軸組に影響が見られなかったのは、
土蔵造りは重量の重い構造であること
建具が木製建具で遊びがあり、風によって建具だけが破壊され軸組が大きな荷重の負担を免れたこと、によると推定

被災前（2001年時）の写真は、筑波大学と共同で歴史的建築物調査を行った時のもので、後藤研究室撮影。
被災後の写真は、筑波大学の安藤邦廣教授、藤川昌樹教授の研究室より提供を受けた。
被災後の修復写真は後藤研究室撮影。
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Distribution of Damage to external members
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