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ABSTRACT 
 

A human life is around 80 years. Building life is only about 40 years in Japan. A life of a city has to 
be more than several thousand years or forever. A big earthquake will hit the city in every hundred 
years or more year	 interval. In general, people are optimistic. They want to believe next big 
earthquake will not come while they live. Then, people did not want to make building structures 
enough strength against expected big earthquakes. They allow that structures will have severe 
damages as large plastic deformations of building frames under big earthquakes and they accept that 
these buildings cannot be used after the big earthquakes. When we want to make safe cities to the 
next big earthquake and want to have the business continuity of the city	 and country, we have to 
make buildings having high seismic performance structures than before. We are in the 21-century, 
new technologies such as seismic isolated or damage controlled structures become reliable and 
cheaper than before and we can apply these technologies to many kinds of buildings now. The next 
important step is to select good structures by people	 themselves.  
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INTRODUCTION 
 
The Industrial Revolution started in the 18th century in Britain. We exceeded modern ages, and had 
arrived at the present age. People are living in the multistory apartment houses and making jobs in the 
high-rise office buildings, too. The earthquake hardly occurs in Britain, France, and the east coast of 
the United States. This civilization extended to the west coasts of the United States and Asian 
countries, it came to build a lot of buildings. Then, many big seismic hazards have happened in the 
19th and 20th centuries. 
We did many researches of the earthquake engineering of these 100 years. The development of the 
seismic isolated structures and the damage-controlled structures was advanced. Hereafter, it is time 
when it accepts the good structures for earthquakes by people, and applies them to actual buildings.  
When we design buildings against earthquakes, life of people living in the buildings, the values of the 
buildings themselves and the function of the buildings have to be considered. Under small or medium 
earthquakes, we promise these three things, but under large earthquakes, we only promise human life. 
We will give up keeping the value of the building and the function of the building under big 
earthquakes. In the Urban city, there are so many buildings. When each building as the element of the 
city could not keep the value and the function of the building under the big earthquake, the city could 
not live after the earthquake. Then, the Business continuity of the city will be failed. In the discussion 
of business continuity of the urban city, buildings have to be constructed more strong as using seismic 
isolated structures or damage-controlled structures.  
. 
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DAMAGE CAUSED BY THE MINO-OWARI EARTHQUAKE 1891 
 
The severe "Mino-Owari Earthquake" had occurred around Gifu Prefecture and Aichi Prefecture in the 
early morning, October 28, 1891. Large damage as 7273 deaths and 140,000 collapsed houses was 
caused by this earthquake. Magnitude 8.0 is assumed that maximum level generated in the inland of 
Japan. The damage of the brick building of foreign-style and railway bridges that was able to be called 
in the city part including Nagoya symbolized of civilization stood out.	 4 photographs show the severe 
damage.  
 
 

     
 
Photo  1   Collapsed Japanese old houses built in     Photo  2  Factory constructed after 1968 by the 
             early 19 century.                                                   new technology imported from Europe.  
 
 

     
 
Photo  3   Collapsed steel railway bridge.                  Photo  4  Detail of the railway system. 
 
 
 
 

DAMAGE CAUSED BY THE KANTO GREAT EARTHQUAKE 1923 
 
The Kanto great earthquake as an unprecedented catastrophe, 142,800 deaths and missing people, 
128,000 houses in the complete collapsed and 447,000 houses in the burning down occurred in the 
southern part of the Kanto region on September 1, 1923. Magnitude 7.9 is assumed. It is said that the 
damage total reaches in one year and four months of a national budget at that time.  
 



 
DAMAGE CAUSED BY THE KOBE GREAT EARTHQUAKE 1995 

 
The Kobe great earthquake, 6,435 deaths and missing people, 186,175 houses in the complete 
collapsed, and 6,000 houses in the burning down occurred in the northern part of the Awaji-island on 
January 17, 1995 almost 100 years after Mini-Owari earthquake. Magnitude 7.3 is assumed and the 
damage total reached 10 billion yen.	 The Kobe city could not recover their activities as 11 years ago. 
We can find almost same damage in this earthquake as Mino-Owari earthquake happened in 100 years 
ago.  
 
 

 
 

Photo  5   Collapsed Japanese old houses built in early 20 century. 
 
 

 
 

Photo  6  New constructed wooden houses were also collapsed. 
 



 

 	 	    
 
 Photo  7   A reinforced concrete hospital building      Photo  8  So many lorries carrying wreckages 
               was failed at only third story.                                      were found in the highway tollgate. 
 
 
 

 
 
 Photo  9   Perfectly damaged railway system as same as Mino-Owari Earthquake on 100 years 
               before Kobe earthquake. 



 
SEISMIC DESIGN OF BUILDINGS	 AND URBAN CITY 

 
Many studies have been carried out on a variety of earthquake resistant structures such as seismic 
isolated structures, damage controlled structures, strength oriented structures and ductile frame 
structures. Of these methods, the highest seismic performance is expected from seismic isolated 
structures and damage controlled structures.  Structures can be designed to achieve the required 
performance within the limits of each of the above four structural methods, if the design earthquake 
ground motion can be defined. 
Earthquake is a natural phenomenon. The largest difficulty in the seismic design of building structures 
is the uncertainty of future occurrence of ground motion where the building stands.  When it will 
happen and how large it will be are totally unpredictable.  The probability of occurrence of a large 
earthquake ground motion may be evaluated as negligible, and thus neglected in the design process on 
economic grounds	 or engineering judgments. However, this would be a big gamble, because although 
the life of individual buildings may be 60 years, the life of a city may be longer than 1000 years. 
Individual buildings are components of a city.  The seismic issues of a city cannot be solved if the 
seismic resistance of its individual buildings is determined only from the relationship between the life 
of a single building and the earthquake occurrence in this life span.. 
 

        
Figure 1    Earthquake ground motion vs. Damage or Repair cost 

 
 

LEVEL OF SEISMIC DESIGN AND NEW TECHNOLOGY 
 
Nevertheless, criticism would arise from society if individual buildings were designed for the largest 
level of earthquake ground motion. However, if there had been no large earthquake in the period until 
the building was demolished after several 10s of years, the structures would have been wastefully 
over-designed.  Actions to legally demand excessively high seismic performance are interpreted as a 
violation of Article 29 of the Constitution of Japan [property right]. This is a very difficult issue. 
New technology development needs to be advanced.  It is necessary to develop new structural systems 
that provide a huge leap in seismic performance at the same cost as current construction methods.  If 
the cost is not excessive, the rationale is put in place to seek no building damage against very rarely 
occurring large earthquake ground motions.  Society could then not claim that the expenditure is 
wasted.  As a result, safety of cities would become very high.  If the life of a city were expected to be 
1000 or 2000 years, it would become possible to employ that lifetime as the return period of the 
earthquake ground motion in design.  



 
 
 

Figure  5   Almost no Damage of 
building in the city after big 
earthquake, in the case that all 
buildings were designed as seismic 
isolated structures. 
 

Figure  4   Damages of buildings in the 
city after big earthquake, in the case that 
all buildings were designed as damage 
controlled structures. 

Figure  3   Damages of buildings in the 
city after big earthquake, in the case that 
all buildings were designed as strength 
oriented structure. 

Figure  2   Damages of buildings in the 
city after big earthquake, in the case that 
all buildings were designed as ductile 
frame structure. 



 

Big earthquake occurs 

Big earthquake occurs 

Figure  6  Many buildings will suffer severe damages by the next big earthquake when the 
buildings are designed in considering with performance of the structures in 60 years and 
permitting of large plastic deformation of the structures. 

Figure  7  Few buildings will suffer severe damages by the next big earthquake when the 
buildings are designed in considering with performance of the city in 1000 years and using 
seismic isolated or passive controlled structural system or new technologies. 



       Figure 8    Seismic Isolated Building 

Reinforced concrete structures and steel structures introduced to Japan from Europe during the Meiji 
Restoration period have suffered a lot of earthquake damage in the past 100 years.  In my opinion, the 
limit of these structures did not start to be understood until after we entered the 21st century.  It is 
necessary to greatly improve seismic performance of cities by popularizing new technologies such as 
seismic isolated structures and passively controlled structures. The desired approach should be to 
promote building structures of higher seismic performance while maintaining generally the same cost 
rather than the approach of fixing the required seismic performance followed by seeking cost 
reduction. 
 
 

SEISIMIC ISOLATED STRUCTURES 
 
The first seismic isolated 2-story house structure having 6 small rubber bearings was built at east of 
Tokyo about 25years ago. Since then, more than 3000 seismic isolated structures were built in Japan. 
In our campus, we designed a 20 story steel seismic isolated building as shown in Fig.1 and Fig.2 and 
started to watch the building motion in 24 hours a day 7 days a week. Its construction cost was cheaper 
than the conventional construction methods. The reason is that seismic design shear forces become 
smaller and cross sections of steel columns and steel beams can be reduced compare to the 
conventional frames. Since then, many tall buildings were constructed on the seismic isolation systems 
in Japan, now. The structure	 in our campus is featured as follows: 
1) The structure has 20 stories and its height is 91.35m. 
2) The structure is located on sloping land and a half of 1st story is buried in natural ground. 
Foundation and the 1st story are built of reinforced concrete. Retaining wall is connected to the 1st 
story portion of the structure, and they bear together against the soil pressure. Accordingly, seismic 
isolation system is incorporated between the 1st story and 2nd story. 
3) Seismic isolation system consists of 16 rubber bearings, 14 steel dampers, and 2 oil dampers. 
4) In a typical base-isolated high-rise building, the uplift force usually develops at the base of the 
column, due to an overturning moment caused by a large earthquake. Therefore, the isolators are 
required to work even under the uplift forces. For the purpose of mitigating detrimental effect of these 
uplift forces, the isolators at the 4 corners of 
the building are connected by the anchor-bolts 
through the conical spring washers, and the 
bottom plate of each isolator sits on a circular 
hole made in the base-plate. Accordingly, the 
uplift forces against the devices are relieved 
by this mechanism. 
5) Columns of the superstructure consist of 
concrete-filled square tube, and all beams are 
made of steel wide flange section. 
6) Horizontal braces are set between twin 
towers at every 4th floor level in order to 
improve integrity of the structure. 
7) Vertical braces are set on both sides of the 
superstructure in order to increase lateral 
stiffness of the building, and its symbolic 
appearance outside the building intends to 
express high-technology	 University. 
8) The superstructure has only 16 CFT 
columns and 1 wide flange column in the left 
side plan and 12 CFT columns and 1 wide 
flange column in the right side plan, since 
lateral forces are significantly reduced by 
virtue of the seismic isolation scheme 
explained above.  
 



            Figure 9     Seismic Isolated Building  
 

DAMAGE CONTROLLED STRUCTURES 
 
The basic concept of damage-controlled structures can be described as follows. The integrated entire 
building structural system is the combination of two different structures: One is the primary structure 
composed of beams and columns, which aims to resist the vertical service load. The primary structure 
is designed to behave elastically and to retain its building service functions even during a severe 
earthquake. The second is the energy dissipating or damage-controlling system that aims to control the 
effects of the lateral forces and deformations resulting from the earthquake. Thus, the damage induced 
by the earthquake is controlled by this energy dissipation system, which is easily checked and repaired 
or replaced after a severe earthquake. 
The damage is controlled within the brace-type energy dissipation system. The primary structural 
frame and the damage controlling system can be considered a system of two springs connected in 
parallel. The total deformation of the entire structure Δ is equal to the frame deformation Df and also 
equal to the deformation Δd of the energy dissipating system. The advantage of this structural system 
is to have a more reliable energy dissipation system with an increased energy dissipation capacity, 
stiffness and strength of the primary structure without increasing the total deformation of the entire 
structure. 	 



 
 

 
 

Figure 10  Conventional Steel Frame 
 

 
 

 
 

Figure 11   Concept of Damage Controlled Structures 
 
 
 
 
 



 
 

 
 

Figure 12    Damage Controlled Structures 
 
 
 

 
 

Figure 13   Two Design Concepts 
 
 



Under severe earthquakes, the conventional moment resisting frame structure relies on its own 
yielding capacity to dissipate the input energy, and therefore, will sustain large plastic deformations, 
which means a large amount of damage. The larger the demanded plastic deformations (physical 
ductility) the larger will be the damage of the entire moment resisting frame system. On the other hand, 
if a damage controlled system is used, it will be possible to control the response of its primary 
structural system such that it remains elastic, because the energy dissipation component or system will 
increase the stiffness, strength and particularly the energy dissipation capacities of the entire structural 
system. 
The advantage of the damage controlled system is not only in protecting the primary structure from 
damage during a severe earthquake ground motion, but also in reducing the construction cost when 
compared with that of conventional moment resisting frame. According to the reports of actual 
structural design, the steel buildings designed as damage controlled structures the total weight of the 
steel can be reduced by 10% to 20%. Furthermore, as it has been previously pointed out, perhaps a 
more important advantage of damage-controlled structure is that after a severe earthquake if its energy 
dissipation components have been damaged, they can be quickly removed and replaced. 
 

	 	 	 	  
 

Figure  14   Damage-Controlled Structure (Harumi Triton Square) 



             
 

Figure  15   Detail of Damage-Controlled Structures 
 
 
 
 

 
Photo  10   Construction of Damage-Controlled Structures 

 
 



CONCLUSIONS 
 
Engineers and Professors in the field of the earthquake engineering did many researches in these 100 
years. The developments of the seismic isolated structures and the damage-controlled structures were 
advanced. We have high-speed computers and good software. We can use high strength steel and 
concrete, and new materials for building structures. Hereafter, it is time to select the good structures 
against next big earthquakes by people, and to apply these high technologies to all actual buildings. 
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