th
Thel4 World Conference on Earthquake Engineering
October 12-17, 2008, Beijing, China
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ABSTRACT :

The main building of the Aichi Prefectural Government, designated as a national registered cultural asset, and is
also an important facility as a disaster prevention base in case of a disaster. Investigations and diagnoses
conducted until 2002 revealed that the main building was lacking in seismic performance. In selecting a seismic
retrofit method, it is necessary to analyze the characteristics of the main building, including its functions and
value as a cultural asset, and carefully compare and examine methods. However, there has been no report about
in-depth comparisons and examination of seismic retrofit methods. Additionally, the main building is located in
adistrict requiring measures for disaster prevention in the giant Tokai and Tonankai Earthquakes that are said to
occur in the near future. Although these giant earthquakes are expected to produce long-continued earthquake
motions with amplified earthquake motion long-period components and cause damage to buildings of
long-period structures, such as skyscrapers and base-isolated buildings, much consideration has not been given
to this issue.

In 2003, we selected seismic retrofit as the optimum work method in consequence of scrutiny of the main
building’ s characteristics and careful and objective comparisons and examination of methods in cooperation
with academic experts. In 2004, we and experts jointly examined the main building using simulated earthquake
motions created from the latest knowledge and data, which makes the main building a highly
earthquake-resisting structure. This paper is a report of what we examined and designed in cooperation with
these academic experts.

KEYWORDS: Seismic retrofit, Cultural assets, Baseisolation, Simulated earthquake motion

1. SUMMARY OF THE MAIN BUILDING

Location: Within site at 3-chome, Sannomaru, Nakaku, Nagoya; application: government facility; date of
completion: March 1938; building area: 4,666 m? total floor area: 28,314 m? number of floors: 6 floors, 1
basement, 1 penthouse; eaves height: approx. 26 ; structure: steel encased reinforcement concrete & spread
foundation; original design: Maintenance Section, Aichi Prefecture; original contractor: Toda-Gumi Co., Ltd.
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Figure 1 1% floor plan (before seismic retrofit)
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2. SELECTION OF SEISMIC RETROFIT WORK METHOD

In selecting a seismic retrofit work method, we compared and discussed plural (five) plans in depth. To consider
and discuss each plan from various aspects, a technical committee joined by academic experts in design and
structure was organized. These plans were compared and discussed in connection with the following six
evaluation items taking into account the characteristics of the main building:  earthquake performance;
effects on operations during seismic retrofit work; effects on operations after seismic retrofit work;
effects on the registered cultural asset; the term of seismic retrofit work; and total project cost. The
plans were evaluated and rated for each of the six evaluation items and given weight determined according to
the degree of their importance with the consent of the committee. The selection of a work method was based on
the total score of the points with regard to the six evaluation items.

2.1 Cutline of Seismic Retrofit Work Methods

Plans A to E shown below were the seismic retrofit work methods compared and discussed. Plan A is a capital
seismic plan with seismic isolation members placed on the capitals on the first basement. Plan B is a base
seismic isolation plan. Plan C is a partial seismic isolation plan in which only the hall, which is shorter than the
main building, located in the center of the courtyard, and part of the eastern side of the office building
connected to it, is subject to seismic strengthening and the other portions are base-isolated. Plan D is a seismic
strengthening plan using additional thicker earthquake-resisting walls and an additional seismic frame in the
courtyard so that the appearance of the main building will not be affected. Plan E is a seismic strengthening
plan (with expanded floors) based on Plan D, which uses the additional seismic frame in the courtyard to
expand floors. Figure 2 shows a conceptual diagram of each plan.
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Figure 2 Conceptual diagram of each plan

2.2 Seismic Performance
The seismic performance required of the main building is structure class | as defined in the * Comprehensive
Seismic Planning Standard for Governmental Facilities and Its Explanation.” All of the plans described above
fulfill required performance but are different in seismic performance. It has been confirmed that the behavior of
the seismic isolation structure in an earthquake is simpler than that of the earthquake-resisting structure,
whereas the behavior of earthquake-resisting buildings is complicated and unexpected portions may get
damaged. Seismically isolated portions are lower in floor response acceleration than the earthquake-resisting
structure and less likely to cause the dropping of nonstructural members and the tumbling of appliances and
equipment. So, the plan with the largest number of seismically isolated portions was rated highest.

2.3 Effects on Operations during Seismic Retrofit Work
Since the seismic retrofit work must be carried out in paralle with routine operations, a seéismic retrofit work
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method with minimal hindrance to them is desired. In this project, the weighting factor in evaluation and
tallying was set at a minimum value because staff members of the Aichi Prefectural Government, the owner,
were the main parties whose operations would be hindered by the seismic retrofit work and the Prefectural
Government desired so. Highly evaluated were a plan enabling staff members to remain and work in their
offices and requiring fewer substitute facilities during the work, a plan generating less vibration and noise and
making passages available during the work, and a plan with small work coverage.

2.4 Effects on Operations after Seismic Retrofit Work

We gave high points to a plan capable of keeping work space equal to or larger than the current space, a plan
maintaining the usability and design of the doorways of the main building, and a plan not adversely affecting
the external usability of the main building. The seismic strengthening plans were considered undesirable
because they would significantly reduce the usability of the main building, for example, the partition of the
work space by additional earthquake-resisting walls.

The base isolation plan was highly evaluated in that the original work space could be maintained. The capital
seismic isolation plan involved the problem that the rooms and the corridor on the first basement of an
earthquake-resisting structure would become narrow as a result of the increased cross sections of the columns.

2.5 Effects on Registered Cultural Asset

The interior and/or exterior of any building designated as a registered cultural asset may be partially modified
on condition that the appearance is not considerably changed. Each seismic retrofit work plan can achieve
seismic retrofit without violating the regulation on registered cultural assets. On the other hand, there are
examples of buildings that were designated as important cultural assets after repair work. Significant
modifications, even partially, may eliminate the possibility of being designated as an important cultural asset in
the future and are considered improper. So, plans with minimum effects on the appearance were given high
points.

2.6 Term of Seismic Retrofit Work

The seismic strengthening plans require a term of work at least 19 months longer than the seismic isolation
plans. The term of the seismic strengthening plans can be reduced by reinforcing each floor. In this case,
however, the floor of the substitute building will increase, and the economic advantage of these plans will be
compromised. For this reason, these plans are assumed to be carried out on Saturdays and Sundays, the Aichi
Prefectural Government’ s regular days off, from the lowest floor in sequence, resulting in a longer term. A
comparison among the seismic isolation plans showed that the term of the base seismic isolation plan is about
eight months longer than that of the capital seismic isolation plan mainly because in the base seismic isolation
plan, the bottom position of the foundation is deeper and the amount of excavated soil increases accordingly
and the removal and installation of retaining walls around the dry area is required.

Id year 6th year Zthyear |

ear 3rdyear 4th year
s [7]8ToTrofuiT1of 1 T2 3TaT5 6] 7 8T oTt0[11]1of 1T 2T 3[4 5T 6] 7

T To L Lol e ol i 2] 31 4T 8] ofw[ul[1]2]3s[4]5]6]r]8]o w0[u]tz[1]2]a 45 6] 7]6]o]t0[11o[1]2][3]4]5
......

PlanA Preparatory work | Finish, exterior, 4c.
Cepital saismic LTI - - | A Term g : 31
isolation plan \Sal improvement, excavation, footing beam and 1st floor beam strengthening,|se{smfic {so|atgr | nstal13tidri

P8 Preparatory work | | | | | | | | | | ‘ ‘ ‘ ‘ ‘ | | | Finish, exteior, dc.
Base seigmic — - - L - [Ter m of work: 39
isolation plan | Soil improvement, excavation, footing beam strengthening,

e s e e e e e e e s s R ) B

PlanC Preparatory work | | | | | | Hall seismic H [Finish, exterior, gfc.

Partial seismic [ ) Y O 0 0 B I Term of work: 36
isolation plan \ Soil improvement, excavation, footing beam strengthening,

..........
2=tz 10 | RN EA AR AR AR

pap | || TTT T T T T el
Seismic Office building seismic strengthening: 1st to 6th floor: Term of whrk:
strengthening plen ||||||||||||||||||\\\\\|||||||||||||||||||||

New frameinstalation in courtyard
uuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuu T rk:

T =T ||||||||||||\\H\||||||||||||||||||||| EEE
Seismic
strengthening plan | | | |cebu||d|ng seismic strengthening: 1

th ded IIII III\\\\\IIIIIIIIIIIIIIIIIIIIIIIIII\\\\\IIIIII
'?g;rs)expm New framemstallanm in courtyard

T 1T 1T 1T 1T 1T 1T 1T 1T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T7T

Figure 3 Comparison of terms of work of individual plans
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2.7 Total Project Cost

Of the seismic isolation plans (Plans A and B) and the seismic strengthening plan (Plan D), Plan D is the lowest
in total project cost. Finish work accounts for a large portion of the total project cost because of finishing
required for newly installed earthquake-resisting walls. Additionally, moving and substitute facility expenses
are incurred by the locations where new earthquake-resisting walls are installed. With regard to Plan E, the cost
of finish work for expanded floors is high, which makes the total cost of this plan higher than that of Plan D.
The total cost of the base seismic isolation plan is lower than that of the capital seismic isolation plan. The
probable reasons the cost of the capital seismic isolation plan is high are as follows: (1) the skeleton around the
seismic isolation members extends not only to the first basement but also to the floor beams of the first floor;
(2) the seismic isolation work cost increases in the capital seismic isolation plan requiring a large number of
columns and the insertion of a seismic isolation member into each column; (3) amost all of the rooms on the
first basement must be refinished; and (4) expenses are incurred by moving to the first floor right above the
work floor and by substitute facilities.

Table 1 Overall Evaluation Comparison List

Seismicisolation work method
Evduation Evduation
Plan A: Capital seismicisolation plan Scorex Plan B: Base seismic isolation plan Scorex
Weight Weight
;'23 floors abgve the ground (l:an obtal g‘ lﬁégﬁ 3] hSTII c ]
‘ormance by aseismic isolator installed on the top of iqmici ;
Required seismic performance each column on thefirst basement. However, these %ﬂﬁ%;?gm'&;ﬁﬁ'ﬁ;‘;';%g Sg!?gnlgfeg??ﬁ)n;g the
Structure; Class | seismic isolators may not properly maintain their indluding the bﬁSeTlaqu can be reduced. All of the
Nonstructural member: Class A function due to unexpected behavior of the buildingin floor: ilgd uding the basement., can obtain high seismic
Construction equipment: Class A case of an earthquake because the first ent where pa‘fo?mmoe 9 g g
theseismicisolatorsareinstalled is of aseismic .
Seismic performance isolation structure. o
Necessity of strengthening, including ceiling Unnecessary in principle because earthquake 21 Unnecessary in principle because earthquake 30
finish acceleration can be reduced. acceleration can be reduced.
J— Measures are required for tall racks and bookcases, etc. .
gr}'lylﬁfm n&ﬁmrsm prevent bookcases, installed on the floor of the first basement to prevent xﬁ&ﬁ bairiﬁ required for tall racks, etc. to prevent them
g 9 them from tumbling. 9
l;eas’bilily off\%vork with the ma:l;in?room and Infeasible Fnlaahs'bie'.1 fth y be o« ’
the printing office remaining on the first oy " . Although part of thework must be carried out indoors,
basement Relocation and substitute facilities are required. substitute facilities are not required.
s ] - . Infeasible.
Feasibility of work with each room remaining Infeasible, " . . .
- " : . N Substitute facilities are required because indoor work
on thefirst basement Relocation and substitute facilities are required. must be carried out,
i P - Infeasiblein part. Some facilities must be relocated or
Effects on operations ;fﬁ g‘cllrlsy;)gy:{ﬁevgr?ufﬁ litiesremaining on substitute facilities are required dependi ng on noise or o Feasible,
during seismic vibration.
retrofit work 7 10
_‘I'brhefirsl basement will be serioudly affected by Thefirst basement will be affected by vibration or
i vibrati ity i vibration or noise. noise.
Noise, vibration, availahility of passages, etc. The passages to the West Annex and the Aichi The passages to the West Annex and the Aichi
Prefectural Assembly will be temporarily closed. Prefectural Assembly will be temporarily closed.
A wide area, including the courtyard, is covered by the w;c\)rvlgl de area, including the courtyard, is covered by the
work. bilding i
i i ildi i Thebuilding in the courtyard must be rel ocated.
i&ﬂﬁl 5%71“0%@ ':/lv'%bva;g work excavation, a;:)?mf'l 3;? ggé( pgg); ZL .lhe building (locations of dry Jg:v g_gj rearea surrounding the building must be
New retaining walls must beinstalled in part of the eyl il bei
periphery of the building. hﬁﬁﬂyg wallswill beinstalled dl around the
The space around the rei nforced columns on the first
Lo L lent becomes narrow. .
ﬁ)\garnrlgmlnyasmlhepasorapphmlonof l:’a‘[l)g!lhepnmlngoffloeonlheflrslbasemanmusl The entire building is available asin the past.
Almost dl facilitiesrelating to office work are
avalable.
Q‘éﬂgﬂlgﬁfgi? entrance and passage to All entrances and passages are available. All entrances and passages are available.
ﬁgﬂd&l}i}y of corridor to the Aichi Prefectural A passage will be available by reconstruction. A passage will be available by reconstruction.
Effects on operations Availability of underground passage to the : : Although a passageis available, large-scale EXPJis
after seismi c??arofil West Annex A geis available. o required halfway.
work r&#ofwfewiringm?%ﬁnglmuaberego?ledbanjse 14 Joinflexibie i thio e the foundation 20
i i - of thereinforcement of the columns on thefirst in flexible piping with joints under the foundation (on
Effects on equipment wiring and piping ent. thefloor where seismic isolators areinstall ed).
Join flexible piping with joints on the first basement.
F— The courtyard will become narrower than the current
Usage of courtyard Unchanged from the current situation. areabecause dry areaswill be set around the building.
Aneevator and astaircaseto thefirst basement must X . o
Situation of EXPJ, etc. be additionaly installed. EXPJwill beinstalled between the main building and
s EXPJwill beinstalled between the main building and the West Annex and the Aichi Prefectural Assembly.
the West Annex and the Aichi Prefectural Assembly.
N N f thebuild 0A’heshapeof the columns on the first basement will
. Changesto the exterior of the building ange. el oo
E{ﬁ; oal;rggl stered Degree of effects on theregistered cultural The appearance of the courtyard will be affected. ;h'%ﬁ 'ﬁsg}gﬂegz;" lel;?glepegzce of thebuilding.
asset A notification of changesto registered cultural assets 5 9 € 10
isnot necessary.
o
Term of work About 40 months 10 About 45 months 7
Totd project cost - X -
(including relocation and temporary work expenses) 8to 9billion yen 0 6o 7 billion yen 10
Overall evduation 57 87
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2.8 Overall Evaluation

The six evaluation items were discussed and given weight in the technical committee. The highest weight was
given to seismic performance (weight: 3), and then to total project cost (weight: 2), and effects on operations
after seismic retrofit work, effects on the registered cultural asset, effects on operations during seismic retrofit
work, and the term of work (weight: 1). The reason weight 3 was given to seismic performanceis that it was the
objective of this project and considered most important. The total project cost was also an important evaluation
item because it would have to be squeezed out of the prefecture s tight budget, whereas effects on operations
after seismic retrofit work are an evaluation item exerting effects for a long period of time. So, weight 2 was
given to these two items. The weight of the other evaluation items was 1. Effects on operations during seismic
retrofit work would be burdens on staff members of the Aichi Prefectural Government, but the lowest weight 1
was given to reduce costs with the cooperation of staff members. The weight of effects on the registered
cultural asset was also 1. Although this rate seems dlightly low in present movements to preserve historical
buildings, it was proper for the main building as aregistered cultural asset. Of these five plans, the base seismic

isolation plan tallied the highest score of 87 points.

A Continuance of Table 1

Seismic isolation work method + Seismic strengthening

Seismic strengthening

Evduation Evduation RS- " Evduation
Plan C: Partid seismicisolation plan Scorex Plan D: Seismic strengthening plan Scorex Plan E.(jﬁﬁg(c slrggdg}lrgglrg)gp!an Scorex Weight
Weight Weight pan Weight
Although all buildings become an Although all buildings become an
g;ﬁmﬁw;?g_{?lfﬁ gj‘?;%n gsgesg'dc ced. earthquake-resisting structure (wall and column earthquake-resisting structure (wall and column
B f & a h the building of lh Aichi strengthening and frame installation) and secure strengthening and frame installation) and secure
Pr%f% fgg‘#& 'g.:m e%llT]gl uvfex ilding 0 e ichi required seismic strength, they may exhibit required seismic strength, they may exhibit
even in an assumed gmhayud(e and col pecllje'm fal o unexpected behavior even in an assumed unexpected behavior even in an assumed
completely maintain ilsfﬂncli onsin sonn?lzqs'luaiyons earthquake and consequently fail to completely earthquake and consequently fail to completely
Y maintain their functionsin some situations. maintain their functionsin some situations.
o " Since the earthquake acceleration of all floors
Since the earthquake accel eration of the hall cannot be i’lﬁ%} ﬁ%ﬂg{ggﬁéﬁr;%o" gf/:"% {Lcéors cannot be reduced, measures to prevent the 3
reduced, measuresto prevent the ceiling from faling, the 21 Gailing from falling are r ulredp!rhe hall 15 ceiling from falling and the fixation of 15
strengthening of the roof surface structura frame, and the p ulrgslhe slrengghenl neqof theroof surface uipment and appliances are required. The hall
fixation of equipment and appliances are required. s‘lﬁmurd frame. 9 requires the strengthening of the roof surface
structurd frame.
Measures are required for tal racks, elc. to prevent them
from tumbling. Measures are required for al racks, etc. to Measures are required for al racks, etc. to
Thegall requires measures to prevent al racks, etc. from prevent them from tumbling. prevent them from tumbling.
tumbling.
Feasible. Thﬁfwork|smfeasb|e|na|‘?mlon§\llve|&erea Thﬁfwork|smfeasb|e|na|‘?mlon§\llve|&erea
; ; ; reinforcement seismic wall isinstalled or noise reinforcement seismic wall isinstalled or noise
Q}ggﬁl@ﬁ{ ggvg%i 'r"uf}i Pgdw" ed outindoors, or vibrationis aproblem. However, it is or vibration is aproblem. However, it is
equired. feasiblein other locations. feasiblein other locations.
; Tnfeasible.
Infeasible. Infeasible. > iliti e .
2Substitute facilities are required because indoor work Offices must be relocated and substitute %ﬂ%ﬁ{ﬁl:gfm\f’gé gﬁ}eb; rﬁtél{[?danba:mse
must be carried out. facilitieswill be required during the work. extended floor Y
. - - . " Infeasible. Infeasible.
Feasiblewithin the area seismically isolated. Regarding the Offices must be relocated one b -
¢ i ? ) )y one, and Offices must be relocated one by one, and
hall, thework isfeasible by installing temporary fences. o substitute facilities will be required. " substitute facilities will be required.
1
: ; by ati : 7 0 Although work noise or vibration serious! 5
Pﬁgf' rst ba:?gl% ﬁ,g?ﬁgegyn;/&ga%g%' o Work noise or vibration will be conducted to affeciife entire buiid ng (by thework or Y
dosecllja&g porarily the entire building (by the work or relocation). relocation), it can be reduced by implementing
. it on daysoff.
bgg'lﬂporanf/ ;'31fsn‘l'|1 g‘ v:lm of thefT é)dors including thefirst
ient of the hall, is requir
Temporary partition of the floors, including Temporary partition of the floors, including
A W' de area, induding the courtyerd, is covered by the thefirst basement of the hall, isrequired. thefirst basement of the hall, is required.
The building in the courtyard must be relocated. c&g‘:fgﬁécv%?ﬂ' ngthe counyard is c&g‘:fgﬁécv%?ﬂ' ngthe counyard is
l;’ﬂ;g&“&ﬁgﬁg ajrrg/undl ng the building to be seismically _ Excavationisrequired to ingtall anew frame _ Excavationisrequired to ingtall anew frame
Retaining walls must beinstalled all around the building inthe courtyard. inthe courtyard.
to be seismically isolated.
Compartmented office space will be created gﬁ%gﬁ&iﬁgsw‘ {/ci?lrfsec'reaed
Theareato beseismicaly isavailable asin the past. by earthquake-resisting walls. by earthauake-resitin Wspdaclse
The use of the six section rooms connecting the Daylighting from the courtyard will be )f/)ﬁ)/“ Igrlin from lhegcoun dwill be
seismically isolated areaand the area not seismicaly restricted, and the available areawil | become raricl%d angdlheavailalﬂegraeawillbecome
isolated will be restricted. cvaar‘rlc;w dueto reinforcing earthquake-resisting naglow dueto reinforcing earthqueke-resisting
walls.
Al entrances and passages are available. Al entrances and passages are available. Al entrances and passages are available.
Unchanged from the current situation. Unchanged from the current situation. Unchanged from the current situation.
X
Although a passageis available, large-scale EXPJis B B 2
required halfway. 10 Unchanged from the current situation. 0 Unchanged from the current situation. 10
Join flexible piping with joints under the foundation. Wiring or piping interfering with any Wiring or piping interfering with any
All flexible piping to the Aichi Prefectura Assembly not reinforcing earthquake-resisting wall must be reinforcing earthquake-resisting wall must be
seismically isolated must be connected with joints. rerouted. rerouted.
The courtyard will become narrower than the current area The courtyard will become consi derably narrow The courtyard will become consi derably narrow
because dry areaswill be set around the building. dueto anew structural frameinit. dueto anew structura frameinit.
hﬁ?d?ﬁgvgldﬁleﬂ\s}vil;d/\wnge spece between themain Unchanged from the current situation. Unchanged from the current situation.
The courtyard will significantly change and The courtyard will significantly change and
Large-scale EXPJin the space connected to the hall not affect the appearance of the main buildin x x
g. affect the appearance of the main building.
aﬂ"f“y isolated will affect the appearance of the main 5 A l'lOlIfIC?ljl}g)n of changestto registered cultural 0 A l'lOlIfIC?ljl}g)n of changes to registered cultural 0 1
9 assetsis not necessary. assetsis not necessary.
X X
Abut 40 months 10 About 65 months 0 About 70 months 0 1
5to 6 billi ° 5to 6 billi ° 4to5bil 2
0 ilon yen 0 ihon yen 0 ilon yen
Y 14 Y 14 Y 20
o 67 29 50
Points of subitems:  : 10, o : 7, 5 x
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3. OUTLINE OF BASIC DESIGN

The creation of simulated earthquake motions based on up-to-date knowledge and data is a special field beyond
the capabilities of designers. Nearby national and municipal buildings were also planning seismic isolation
retrofit when the seismic retrofit of the main building of the Aichi Prefectural Government was under planning.
So, the owner of the seismic retrofit project, the designer, and academic experts agreed to jointly create
simulated earthquake motions of this district for design at the owner’ s expense, as the academic experts
proposed. The resultant simulated earthquake motions created with the aid of the empirical Green’ s function
were “ Sannnomaru Simulated Motions,” which were used as simulated earthquake motions for design. The
adopted criteria are shown in Table 2. The most prominent feature of these criteria is that high earthquake
performance against earthquake motions beyond level 2 can be ensured by seismic retrofit although these
criteria are almost equal to those generally used for level 2 input.

Seismic isolation design is represented by the following three features: 1) consideration is given to long-period
earthquake motions expected to occur in a giant earthquake; 2) column-to-column intervals are small, up to four
columns are collectively supported by a single seismic isolation member as a seismic design approach to the
cultural asset with many columns for the purpose of a long-period structure, and cost reduction is achievable by
reducing seismic isolation members; and 3) the  -shaped plane building is designed to exhibit behavior as a
seismically isolated, integral building. To be specific, regarding 1), rolling seismic isolation members are also
used, and large-diameter isolators with high deformation performance are adopted to ensure both a long-period
structure and high deformation performance. Features 2) and 3), as shown in Figures 4 and 5, enable the main
building to maintain integral behavior by installing a -shaped, solid Vierended girder along the plane
courtyard, and can reduce seismic isolation members by girder-supporting the existing columns from these
Vierendedl girders.

Table 2 Seismic isolation design criteria

: Reference motion
Level 1 Level 2 Review of safety allowance . .
— TSRS Level 2: Extremely rare earthquake motion
Simulated motion lestimated concealed fault
'Sannomaru §ITILI Bla IIMA KDE . .
Earthquake motion for review Level ZSmLJJJISIad mo_m'%ma 2Simulated motionx 1.5 *1|(original seismic motion) *2 Review of safety allowance: Earthquake motion for
motion x Sannomaru_ Smulat ¥ smi i ili
seismic performance which a facility must have as
M./North of Mt. Sanage|
fﬂa;pggg; Simulaed adisaster prevention basein the district concerned
pper  [Srenath Within short-period permissible stress Within 1.1 timesof elastic imit strength *3 As earthquake motions representing local
Srudture [ on 100 | Y Y o0 charactensh cs, (levd 2) anti C|‘pai¢ed Tokai and
En— prER— pER— prE— Tonankal Earthquake EW, anticipated lse Bay
ear stran ithin (] ithin (] ithin (] . .

: SR — Earthquake EW, anticipated Mt  Sanage
i‘cggi,g:n [Tensile stress No | No Within permissible tensile stress Earthquake EW, and (|E\/d 3:Sany aIIowance)
pambr | LRB Kdt15% Qde25% Not considered. estimated concealed fault (central lower end of

uctuation i - ] . . .
R“”;fﬂl”’"“ 40«/115;100% :Z: z::j:: destruction start point asperity) ES out of the
+15% g . . ,
Foundation structure Within short-period permissible stress \Alg:_'ﬂ?;hgrgg:‘é%d Within elastic limit strength NaQOya Sannomaru Si mU|a1:ed Motions
- - - - - - - - - - recommenced by the Chubu Regional Bureau of
Load bearing capacity of ground Within short-period bearing capacity Within short-period bearing capacity ..
5 the Ministry of Land, Infrastructure, and Transport
Liquefaction The FL value of each story is 1 or over per |The average FL vaue of the stories checked for liquefaction are used.
meter of the floors checked for liquefaction|whose GL is about 12 to 14 metersis 1 or over.
whose GL is about 12 to 14 meters.

*1: Use an input motion obtained by multiplying

) i ! L the Level 2 Simulated motion in the position of the
] bottom of the foundation by 1.5 times.
—H H- *2: With regard to the origina seismic motion
- 1 1 in input of IMA Kobe, the criteria shown under Level
1 IR 2 shall be fulfilled.
*3: In areview of safety allowance, strength shall
I : 1] be within 1.1 times of dastic limit strength when a
T e [t [ = fluctuation is taken into account.
T = TR
[ 2
_ il N
E— = -shaped, solid Vierendeel girder
— - - (The footing beams in the filled area
‘ | are laid in a ladder pattern and form a
RmnE im - large  -shaped frame)
| LI |

92.0

Figure 4 Framing plan of footing beams (  -shaped Vierended girder)
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The upper structure of the building was modeled with an equivalent shear spring with each floor set as a mass
point. For the seismically isolated stories, laminated rubber isolators containing a lead plug, rolling supports,
and lead dampers were represented by a bilinear modd and integrated into a single spring. The damping of the
upper structure was of a rigidity proportional type, and the damping constant was set at 2% to the 1% natural
frequency. The primary period of the analysis model under equivalent rigidity corresponding to level 2
displacement was 3.91 seconds in both east-west and north-south directions, longer than the relatively long
predominant period of 3 seconds of Sannomaru Simulated Motion/Tokai and Tonankai. Table 3 lists the input
earthquake motions used for the response analyses, and Figure 6 shows the response spectra. Figure 7 shows

some of the results of the earthquake response analyses. They fulfill the criteria set as targets for analysis
results. ‘

T O T i
‘ ‘ ! | |
yimmn n = L
HLB' apL 38 LB 1850 U@F A = ‘
| | | :
RBIOILABIGL | JKLESDOURRILY _ LiLRBIGL L8780
g —
£ i e 1 —
[ [ [N i J]
| LRBL S RB10 |
ot \E: BT @‘\ = ER’B%
LRBI RB10
= i
ol | L1 L L] L o
— I 11 e i i o | §escp ﬂ
’7 RBLO LRBI! RB10_LRB!
I . ’5'@\
i1 RB10_ LRB1GI 50081 iLRB10 _LRA1AI
| 50, i i
) . SIS I
(Laminated rubber isolator ==== % 2
containing a lead plug)
Symbol Diameter  Quantity
tre10 | 10008 | 77 |
(Rolling support 1
Svmbol/Model Quantity —
4+ CLB385 7
<4 cLBs00 31 1
cLe780 | 13 =
- | LN L G S Y
| I N
CLBIeans  oLgghBR® \
% & ® i
I
’ 92,0
(<} o (s O 2
1000 GMIE- N i [ 1000 CMIS 1000 C) CaS - - 1000 CM/S
Level 2 Simulated Motion & 4 /\%Q;\ Level 2x 15
Tohoku University @, Tohoku University
o0 ors Max ion 421(GAL) 500 CM/S| 55 500 oWS Max acceleration 631(GAL)
Level 2 Simulated Motion '-eK:e:" 15
Kabe ’
Max acceleration 474(GAL) - Max acceleration 711(GAL)
200 IS cws
Level 2 Simulated Motion Level 2x 15
Hachinahe Hachinahe
100CM)S  Max acceleration 364(GAL) 100CWS  Max acceleration 546(GAL)
7;,";";; ;i;u:a;;Mu;;n Sannomaru Simulated Motion
***** Tokai and Tonankai 50 CM/S estimated w.neealed fault
Max acceleration 215(GAL) Max acceleration 753(GAL)
_— W E
Sannomaru Simulated Mation § IMA Kobe NS 1995
cws  North of Mt.Sanage > ows original semr,n: motion
Max acceleration 288(GAL) Max acceleration 818(GAL)
——
1ocMs Sannomaru Simulated Motion 10cws
Ise Bay
Max acceleration 238(GAL)
2 i
&
1oM3 1cM8 1cMis " " " 01 cMrs
§ 8 8 8 8 8 8
- ~ @ - ~ e 2

PERIOD IN SECOND

PERIOD IN SECOND

Figure 6 Response spectra of input earthquake motions adopted
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Table 3 List of input earthquake motions adopted

Earthquake motion for review Maximum accel eration (cnv/s’) Maximum speed (cm/s)

Level 2 Smulated Motion/Tohoku University 421 65.6

Level 2 Smulated Motion /Hachinohe 364 645

Level 2 Level 2 Smulated Motion/Kobe 474 710
Sannomaru Simulated Motion/Toka and Tonankai 215 624

Sannomaru Simulated Motion /North of Mt. Sanage 288 170

Sannomaru Simulated Motion /Ise Bay 238 336

) Level 2 x  1.5/Tohoku University 631 983
S e Level 2 x 15/Hachinohe 546 967
Level 2 x 1.5/Kobe 711 106.5

Sannomaru_ Simulated Motion/Estimated concealed

Reference motion fault % 894
JMA Kobe (Original seismic motion) 818 909
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Figure 7 Results of earthquake response analyses
4. CONCLUSION

After in-depth, objective comparisons and examination of the selected seismic retrofit work methods for the
main building of the Aichi Prefectrural Government, we reached the conclusion that the base isolation plan was
most desirable. In planning the basic design for baseisolation, simulated earthquake motions based on the latest
knowledge and data were used as waveforms for review, and the building is being given higher seismic
performance than new seismically isolated buildings thanks to various design approaches and ideas. At present,
the seismic retrofit work is smoothly carried out by Toda Corporation, the contractor responsible for working
design and execution, and almost half of the project has been completed. Finally, we would like to express our
heartfelt thanks to Professor Mutsuaki Sasaki at Hosel University (then professor at Nagoya University),
Professor Toshikatsu Ichinose at the Nagoya Institute of Technology, Professor Nobuo Fukuwa at Nagoya
University, Professor Katsuhiro Kawata at the Nagoya Institute of Technology (then assistant professor), Mr.
Masanori liba, director of the Structural Research Group, the Building Research Institute (then director of the
Ingtitute), and responsible staff members of the Public Building Construction and Maintenance Division of the
Aichi Prefectural Government for the valuable comments and advice we received in the technical committee.
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