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While studs caused deformation due to collision of drifts, the

building framing remained intact.
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Fracture of weld

at column end

. due to inferior
welding

BEEEND. | (O
HE TRRESEL
SHIZDLT

Fracture at beam
end that occurred
prior to its sufficient
deformation

“Earthquake and Tsunami
Safety of Steel-structure
Buildings and Application of
Steel Products,”

Fracture of anchor bolts of column base to
cause dislocation of column

Fracture of brace connection

Photo 1 Damages of steel-frame structures in the Great Hanshin-Awaji Earthquake of 1995
(*Photos: Report on Damages to Steel Building Structures in the 1995 Hanshin-Awaji Earthquake,
Steel Committee of Kinki Branch, Architectural Institute of Japan)

Fig. 1 Production of Steel Frames and Development of New Steel Products in Japan
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While exterior members were washed
out, the building framing remained intact.

A Al A 78 [8s = P
While exterior members were washed out While studs caused deformation due to collision

and fracture of brace was found, the of drifts, the building framing remained intact.
building structure remained intact.

Photo 2 Earthquake- and tsunami-induced damages to steel-structure buildings in Great East Japan Earthquake

(Photos: Surveys of Great East Japan Earthquake in 2011 (Preliminary Report)—National Institute
for Land and Infrastructure Management (Data No. 636), Ministry of Land, Infrastructure, Transport
and Tourism; and Building Research Institute (Data No. 132))

Fig. 2 Profile of Strong Seismic Intensity Scales in the Fig. 3 Energy Absorption during Great Earthquakes
Great Nankai Trough Earthquake Forecasted to

Occur in the Near Future In cases when the area of AOAB

and that of [JOCDE are identical,
Yield the seismic resistance or seismic
strength A energy absorption is identical.

Seismic
intensity scale

7
6
6
5
5
4
3

or lower

The collapse of building is
prevented by means of the energy
absorption when being attacked
by the earthquake.

C D

Source: Examination Meeting on Gréat 0 B E > .
Nankai Trough Earthquake Models Deformation
(March 2012, Cabinet Office)

Seismic intensity scale 6~ or high About 71,000 km?  About 24,000 km?
Seismic intensity scale 6* or high About 29,000 km?  About 6,000 km?
Seismic intensity scale 7 About 4,000 km?  About 400 km?



Fig. 4 Effects of Yield Point Deviation on Plasticization of Structural Members

Pattern A Collapse pattern A (design)
Pattern C NG /7
—
P Pattern B i —
Selfsmlc Selfsmlc — When the deviation
orce orce > in yield point is wide:
>
J ) s
: \
. * Plasticizing section
0 Deformation
Fig. 5 Effects of Yield Ratio on Plastic Deformation Capacity of Structural Members
Steel product )
Frame employing
A: Steel product with steel product A
high yield ratio s ————=—a
y/ Seismic |
force |

Stress

N

B: Steel product with
low yield ratio

>

Strain

As the yield ratio becomes lower,

the plasticizing area of steel products

becomes wider, and thus the plastic
deformation capacity of steel framing
becomes higher.

Deformation
capacity: Low

Absorption of seismic
energy: Low

Collapse pattern B

Seismic |
force |

Collapse pattern C

Frame employing
steel product B

Deformation
capacity: High
Il
Absorption of seismic

energy: High

Bl Plasticizing area

Table 1 Mechanical Properties in JIS G3136 Rolled Steels for Building Structures
(Reference: Corresponding specifications in EN, ASTM and JIS)

Designation | Yield point or Tensile strength | Yield ratio | Elongation (%) Charpy impact
strength (N/mm?) (%) energy (J)
(16<t=40 mm) (t=40 mm)
Min. 345 Min. 22
< <
(4Q<t=63 mm) (t=100 mm) (4(_J<t=63 mm) (80355.}0)
EN 10025-2 | Min. 335 Min. 470 _ Min. 21 0°C/Min. 27
S$355J0/J2 | (63<t=80 mm) Max. 630 (63<t=100 mm) | (S355J2)
Min. 325 ' Min. 20 -20°C/Min. 27
(80<t=100 mm) *Proportional
Min. 315 test piece
(16<t=40 mm) (16<t=50 mm) | (SM490B)
JIS G3106 Min. 315 Min. 490 _ JIS#1A: Min. 21 | 0°C/Min. 27
SM490B/C | (40<t=100 mm) | Max. 610 (40 mm<t) (SM490C)
Min. 295 JIS#4: Min. 23 0°C/Min. 47
(16=t=40 mm)
Min. 325 (16<t=50 mm)

JIS G3136 Max. 445 Min. 490 JIS# 1A: Min. 21 oA
SN490B/C* | (40=t=100 mm) { Max. 610 Max. 80} 40 mm<t) 0°C/Min. 27
Min. 295 JIS#4: Min. 23

Max. 415
oo e 572 win. 345 Min. 450 — | ASTM 8" Min. 18 -

*Through-thickness property of Z25 is specified.



Table 2 Chemical Composition in JIS G3136 Rolled Steels for Building Structures
(Reference: Corresponding specifications in EN, ASTM and JIS)

Designation Chemical composition (%)
C Si | Mn P S N Cu Ceq**
(16<t=40 mm) (S355J0) | (S355J0) | (S355J0) (t£30 mm)
EN 10025-2 | Max. 0.20 Max.| Max. | Max. 0.03 | Max. 0.03 | Max. 0.012 | Max. | Max. 0.45
8355J0/J2 | (40 mmqt) 0.55|1.60 [(S355J2) |(S355J2) | (S355J2) |0.55 | (30<t£150mm)
Max. 0.22 Max. 0.025 | Max. 0.025 = Max. 0.47
(t=50 mm)
Max. 0.18
JIS G3106 Max.| Max. | Max.
(50 mm<t) Max. 0.035 = = =
SM490B/C (B) Max. 0.20 0.55|1.65 |0.035
(C) Max. 0.18
(t=50 mm) (SN490B) | (SN490B) (t=40 mm) ,
JIS G3136 | Max. 0.18 Max.| Max. | Max. 0.030 | Max. 0.015 _ _ | Max.0.44 !
SN490B/C | (50 mm<t) 0.55 | 1.65 |(SN490C) | (SN490C) (40 mm<t):s
Max. 0.20 Max. 0.020 | Max. 0.008 Max. 0.46 :
ASTM A572 | Max. Max.| Max. | Max. _ _ _
Gr. 50 0.23 0.40 | 1.35 |0.040 SEPG OV

**Weldability index

EN Ceq=C+Mn/6+(Cr+Mo+V)/5+(Ni+Cu)/15
JIS Ceq=C+Mn/6+Si/24+Ni/40+Cr/5+Mo/4+V/14

Fig. 6 Seismic-resistant, Base-isolation and Response-control Structures

Seismic-resistant structures

Schematic diagram

« Vibration »

During great earthquakes, the
seismic energy is absorbed
by allowing damage to the
building frame in order to
prevent collapse of the entire
building from occurring.

Features

Base-isolation structures

Response-control structures

Response-control damper

Isolator
_ — Damper
I
) | : | :
: M 2
V H— e —
| 1| [
| 1! [
N !

T~ T
: II ! |l
3| RS
1

4= Vibration )

h Vibration ‘

Structures in which isolators (laminated
rubber) and dampers are installed
between the building structure and the
foundation structure. Vibrations of the
building structure during earthquakes
are greatly mitigated by making the
building’s natural period longer by
introducing isolators and by improving
the damping performance of the

building by the use of damping devices.

Structures in which response-
control dampers (buckling-
restraint braces etc.) are
installed in the building
structure. Vibrations of the
building are mitigated and
damage to columns and beams
is also mitigated solely by
absorbing the seismic energy
by the use of dampers.

Fig. 7 Structural Design Method for Tsunami Evacuation Buildings

Calculation of tsunami wave pressure

Flow of structural design*

® Calculation of tsunami 0}
wave pressure

@ Calculation of tsunamic
wave force

® Calculation of shear
strength at each layer

® Design of tsunami
pressure-resistant member

(® Examination of drifts

v

(7) Examination of scouring

Calculation of buoyancy
a) Buoyancy to
be applied in

the design of
building structure

Examination of collapse

L) (9 Examination of overturning
v

—} Examination of sliding

The tsunami wave pressure is
calculated as being the hydrostatic
pressure at a height evaluated

by multiplying the design inundation
depth by the water depth coefficient a. g Gravity acceleration (m/s?)

b) Buoyance to

(@ : Water depth coefficient
h: Design inundation depth (m)
P Unit volume mass of water (/m°)

Building

be applied in
the design
of foundation Tsunami wave pressure
L
ah
Design
inundation depth
VA
A4
v

Distance from

Barriers reside in-between

apgh

No installation
of barriers

500 m or 500 m or Not
Coﬁ\?érOfe?ga' longer shorter applicable
@ Design of foundation beam Vggéﬁ?ggﬁ’fg 15 2 &

*Examples of design of tsunami evacuation buildings based on the New Guidelines are published in the following website:
The Japan Building Disaster Prevention Association: Opening of “Commentary on Structural Requirements for Tsunami Evacuation Buildings and Other Structures”
http://www.kenchiku-bosai.or.jp/seismic/tsunami_text.html

8



Fig. 8 “New Structural System Buildings Employing Innovative Structural Materials”

1) No damage even when attacked by an
earthquake with a seismic intensity scale of 7

® Avoiding plasticization of building framing by the use of
high-strength steel H-SA700 having a tensile strength twice that
of conventional steel and response-control mechanism as well

® Maintaining the main structural section intact when attacked by
an earthquake with a seismic intensity scale of 7 so as to
protect human life and to secure continued business operations
after experiencing a disaster

2) Structural planning to resist to huge tsunamis

® Securing the structural safety against huge tsunamis and their
backwashes by means of the “New Structural System Buildings”

® Enhanced tsunami measures, reduced tsunami pressure by
minimizing the column size and reduced number of columns
and raising an entire town block by the use of high-strength
steel framing

3) Buildings with longer service life

® Flexibility to allow future change in planning by adopting a
skeleton-infill (SI) design, in which a building structure and its
exterior-interior structures and equipment are designed as
separate structures, as well as by adopting large spanning for
framing structure

® Easy restoration of damaged buildings by adopting the
exterior/interior members and equipment design in which these
members and equipment are designed to be renewed

4) Resources savings

® Realization of environmentally-friendly buildings by adopting
high strength steel, which can lead to the reduction in the total
weight of steel framing and in CO2 emissions

® Easy reuse and recycling of steel products by adopting Sl design

Important facilities on raised town block

- e r

In order to protect the building from
great earthquakes and huge tsunamis,
the entire town block is raised, in which
the upper area accommodates
high-function administrative and reginal

, disaster-prevention functions, and the

lower area houses a parking lot and

! rental space

Restoration housing on raised town block

Fig. 9 Proposal of Tsunami Evacuation Facilities Employing Steel Structures

Tsunami evacuation tower

® Realization of lightweight
building frame with high
seismic and tsunami
resistance that is enabled
by the use of square steel
tube-H shape structures

® Tower framing, configura-
tion and height that
conform to tsunami height

number of evacuees

Raised town block is developed using
“New Structural System Buildings
Employing Innovative Structural
Materials,” in which the lower area
houses existing commercial and
business facilities as well as newly-lo-
cated commercial facilities, and the
upper area accommodates multi-sto-
ried residential buildings constructed
as they encircle a refuge square.

Distribution center with mixed
three-dimensional arrangement of
plants and offices capitalizing on high
ceiling heights and large spans and

. with floors that are easily accessible by

cars using two ramps

Building serving as disaster-prevention building

® Adopting a pilotis structure with a
height surpassing the assumed
tsunami height to avoid tsunamis thrust

® Adopting CFT columns with high yield
strength and rigidity

® Adopting response-control structures in
which buckling-restraint braces are
installed so as to improve the seismic-re-
sistant performance of buildings

o | ightweight buildings by the use of steel
structures that can result in less seismic
force applied to pilotis structures

Buckling- —

restraint q

brace I/ Response-
| control
-|_ === structure
|-|'A‘|-l'-'-‘ ““'A“ J
III I”ll Pilotis

structure
Concretes 1 i ¥; T

filled steel
tube structure
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Kenzo Taga: After graduating from Osaka Univer-
sity, he entered Nikken Sekkei Ltd. in 1979. He as-
sumed his current position as Professor, Graduate
School of Engineering, Kobe University in 2011.
Among the major works in which he was involved
are Terminal Building of Kansai International
Airport, Kobe Daimaru Department Store, Kansai
Electric Power Building and Osaka Lawyers’ Hall.

- . -
Photo 1 Steel-structure building destroyed by Photo 3 Building that overturned due to tsu-
tsunamis namis

Photo 5 Steel-structure building where exterior
and interior members were washed
away by tsunamis

Photo 2 Steel-structure building with which drifts
(ship) collided

Fig. 1 Tsunami Wave Pressure
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Fig. 2 Tsunami Wave Force
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Fig. 3 Concept for Buoyancy

Design inundation depth |-| "
Slab
Girder
Buoyancyj
In the case of water flowing-in In the case of no water flowing-in

Fig. 4 Collision of Drifts

Fig. 5 Image of Application of Ultra-high Strength Steel

Y Ultra-high strength steel
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Photo 1 In the Great East Japan Earthquake, huge damage was brought Photo 2 Tsunami attacked condition at the Arahama Primary School,
about by tsunamis, not by seismic forces. where 350 people were forced to evacuate

Photo 3 Tsunami evacuation training for citizens has been repeat- Photo 5 A study tour to the Nakano 5-chome Tsunami Evacuation
edly implemented in Sendai City. Tower was conducted during the UN World Conference
on Disaster Risk Reduction (2015 Sendai Japan)
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Fig. 1 Elevation of Nakano 5-chome Tsunami Evacuation Tower
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Photo 4 Two-story steel structure Nakano 5-chome Tsunami Evacu-
ation Tower developed and constructed in Sendai City
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Steel tube column-H-shape structure
in which square steel tube is used for
column and H-shape for beam

® Mihominami Tsunami Evacuation Tower (Framing Type)

Design condition Accommodation capacity
Design inundation depth | 3.0 m | Evacuation area |370 m?
Water depth coefficient | 3.0 Accommodation | 740 persons

Design condition Accommodation capacity
Design inundation depth | 5.0 m | Evacuation area |450 m?
Water depth coefficient | 3.0 Accommodation | 800 persons

Design condition Accommodation capacity
Design inundation depth | 1.2 m | Evacuation area |240 m?
Water depth coefficient | 1.5 Accommodation |300 persons
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Photo 1 New Kunimi Town Office Building built capitalizing on the strengths peculiar to wood and steel

Fig. 1 Plan and Section of Kunimi Town Office Building
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Fig. 2 Wood-laminated Hybrid Member of the Steel Product Built-
in Type (Column and Beam)

Burning-suppression member
(Locally-produced larch tree-laminated member)

Steel frame

Connection cover
(Locally-produced larch tree-
laminated member)

Fire protection for connection
(Wrapping fire protection)

Connection cover
(Locally-produced larch tree-
laminated member)

Burning-suppression member
(Locally-produced larch tree-
laminated member)

Steel frame

Column-beam connection:
Shop covering of laminated member

Photo 2 Wood-laminated hybrid member of the steel prod-
uct built-in type
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Photos 3 and 4 Stairways: Highlighted application of steel products
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Outline of Kunimi Town Office Building

e Location: Kumini Town, Date, Fukushima Prefecture

e Project owner: Kunimi Town Office

e Application: Town office building

e Building site: 1,500.43 m?

e Building area: 4,833.39 m?

e Structural type: Steel frame structure, partly steel-reinforced concrete structure
e No. of stories: 1 basement, 3 stories aboveground, 1 penthouse

e Maximum building height: 15,500 mm

e Structural design: JR East Design Corporation, Tabata Architect & Design Office
e Construction: Joint venture of Ando, Hazama, Andogumi and Sakuma Kogyo

e Design period: August 2012~August 2013

e Construction term: September 2013~April 2015

Photo 5 Adoption of wood-steel hy-
brid structure realizes a large
space with a texture like a
wooden structure.

Fig. 3 Schematic Diagram for Environmental Plan
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