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ABSTRACT

The focus of this research isnanlinear response analysislodw a city office inKoriyama citywas
affected by The GreégEast Japan Earthquake, 20Nonlinear pushoveand dynamic analysisre
performed in twadifferent analytical moded, designatedirst and second Thefirst structurd model
only takesinto consideratiorcolumn flexural capacity without regasdto deterioration inpostpeak
behavior and the secondstructuralmodeltakes accountof shear capacity withegard to postpeak
behavior. Using these analyses damage evaluation is conductesthd compard to the post
earthquakelamage report prepareg aresearch tearfrom theBuilding Research Institute (BRI) and
National Institute for Land and Infrastructu Management (NILIM).Through the use ofthese
comparisonresults analytical modelscommonly used inliterature are judged interms of their
adequacyn representing the dynamic response of structlinegddition there is a critical assessment
of the ®ismic evaluation processedin the Standard for Seismic Evaluation of Existing Reinforced
Concrete Buildings, 2001.
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1. INTRODUCTION

On March 11, 2011the Great East Japan Earthquélkiv 9.0) hit the northeast of Japan at 14:46

JST (5:46GMT).The earthquake was a massive tsunami caused by the seismic shock, which resulted
in the death of more than ten thousand people and a huge number of buildings being completely or
partially destrged or washedway.

In order to learn from this terrible disaster and contribute to the improvement of disaster
mitigation measures against earthquakes and tsunami, both the National Institute for Land and
Infrastructure Management (NILIM) and the BuildiResearch Institute (BRI) sent research teams to
the affected areas and carried out a cohmgameive survey on a variety biéilding types (BRI research
paper, 2011)One of thesduildings a city office in Koriyama citydamaged by ground motion was
examned and a detailed damage report prepared. In this study, a nonlinear response analysis and
damage evaluation @f city office in Koriyama cityhas been performed, taking into consideration the
damage report on the structure.

2. DESCRIPTION OF A CITY OF FICE IN KORIYAMA CITY

A city office in Koriyama city, Fukushimalapan,a threestorey building, was constructed in 1970
with an RCframewall system (Figure 1).
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The ®lumn applicatiorcan be seem Figure2. As seen in
Figure 1 the building extendstwo spanstransverally (y
direction) andnine spans longituding} (x direction). RC
walls are located transversallyll columns havea 50x50cm
crosssection with different number of longitudinatbar
Concrete compressive strength was determiagdl8.73,
12.60 and 11.19 for the first, second and thitdrey

: respectivelyand vyield strength of plain reinforcing bar is
Figure 1. General view @& city 294 MPa.
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“c3 “c3 Cla Cla cla cla  C3 cs accumulated by FKS018
station located in Koriyama,
Fukushima Prefecturés used
for nonlinear analysis of a city
office in Koriyama located
c1 c1 c1 Cla Cla Cla Cla c1 c1 about 12km from the K-Net
i i i i i i i Station recorded maximum
- - . : § : - - acceleration as 746.1cm/s/s,
Figure2. Column application plan of the structyreits in mm) 1069.3cm/s/sand 457.4cm/s/s
in N-S, EW amd U-D
directions, respectively.
The Joint Survey
Team investigated thecity
office in accordance with the
damage criteria determined
Medium and heavy damage
was found to thdirst storey
columns as results of the
existence of spandrel wdlhp
and bottom of the beams
(Figure3).

©)

00! 500—+—5500—+—5500—+—5500—+—5500—+—5500——5000 The stron motion data
A I e Wt Mot Mot Wt Wy g

Cc2 c2 c2 Cc2 C2a C2a C2a c2 Cc2

(@)
——7000———5000—

S

(9) 8) (7 6) (5) (4) 3) (2 1)

Figure3. Shear failure ofthe firststoreycolumns

3. ANALYTICAL STUDY

Actual structureis modeledfor the members with or withowonsideration oktrength deterioration
(the first and second structural model, respectivehgnonlinear pushoveanddynamic analysis are
performed using the CANNY structural analysis softwarePerformance levsl of the structural
members are judged according to the Japanese Seismic Evaluation Standard for ERiBtifldiRgs.

In order to determine the member models, such-kvalvn mehods are performed in nonlinear
analysis and their applicability are testtking into account the comparison of the performance level
of members determined in analytical study and actual damage.report

3.1. Modeling of Structural Members

Rigid Zone Linear-Elastic Rotationi

A modified version ofa onecomponent elemen{Giberson, / —Sering
1967) is usedto represent the beams whose fededormation © ©—
relationship is linear elastic (Figure 4)Onecomponent Perfectly Elastic Massless Elem:

model isalsoproposed for the column membéo represent Figure4. Member model for beams



force-deformation relationship of columns with or without consideration of strength deteriomation

the first and second structural model, respectivikyal deformation is considered two models An

important point is that nonlinear rdianal spring governed by shear deterioration is introduced instead

of a rotational spring ashear spring assigned seriallythe secondtructural mode{Figure 5).
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Figure5. Member model for columns and fordeformation relationships

In the first structural modelgracking
momentMc and yield momenMy is calculated
by using Eqgs. ) and @). In the second
structural model, the ultimate shear strength of
the columns are determined ag tmaller value
of the ultimate shear force V() and
corresponding shear forc&/y) of the yielding
moment My). Then, the posgpbeak behavior of
the columns is determined asm®de (shear
failure) columns or -fnode (flexural failure)
columns accordingo the ultimate shear strength
capacity. For smode columns,ultimate shear Figyre 6. Hysteresis curves ofrede columns
force (Vy) is assigned (Eqgs (3) and (43keleton
curves of the nonlinear springs can be seen in Figukétér. determination of column failure mode as
s-mode or fmode, to deteche stiffness properties of the rotational spring,ftmmulas introduced by
Yoshimura (200%p are usedior smode columns Eqg.5f and fmode columnsEq. 6). Hysteresis
curves of the-snode columns can be seen in Figur@lée axial nonlinear deformatiaelationship is
defined by using Eqs7) and ) for both structural models.

Three vertical line element model (TVLEMIetermined inrKabeyasawaet al., is assigned
for the transverse walls of the structure whichlhresar-elasticstiffnesscharacteristis
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where % is concrete compressive strengtbe is section modulud\ is the axial force of the column,
D is the crosssectional height of the column aRd is the concrete compressisgength (like k). puws
is the transverse bar ratie; is average axial stress over the entire wall egesgional area andis a
geometrical parameteRu is the collapse driftds is the displacement at the collapse femasde
columns,| is the columnheight, pw is the transverse reinforcement ratio (%)js the longitudinal
reinforcement ratio (%) andu is the displacement value for collapse fandéde columnsF,, F, fis
the axial force in compression and in tension, respectively Aarttle total crossectional area of
longitudinal reinforcement

3.2. Structural analysis
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The storey shear coefficient- storey drift ratio
relationships obtainely the nonlineapushover and §
dynamic analysesfor both the first and second £ 0.4 - ]
structural mode are shown inFigure 7 and 8.As § /
distinct from actual structural damageFigure 8 the 5 NS, -
response of theecondstorey seems greater than tha§ [ 5 ~. .
of the first in the second structural modeThe 2 %27/ - o o) Offthe Lst St .

. - 5 A y of the 1st st.
seismicperformances of the structural models follows " eeeee3rd story of the 1st st.
the performance criteriid out by the Standard for f — -lststoryofthe 2ndst.
Seismic Evaluation of Existing RC BuildingShe A 2nd story of the 2nd st
demand spectrum of tHereat East Japan Earthquake 0 0.005 0.01

(SaSd is obtained througWiewWave softwareThe Figure 7.Storey shear ggé?fl((r:?g?atstorey

displacement deman@D1) is determinedand the drift ratio relationship®f nonlinear pushover
corresponding displacement demanD2) of the analysis

equivalent dampingh@ of the buildingis obtained

wherethe capacity diagram ardémand spectrum interse&ligure9). Corresponding demand points
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Table 1. Deterioration
factor I 1st story
3 - - -2nd story
= ——3rd story
Damage Flexural Shear du:o»
level member membet g i i .
I 0.95 0.95 2003 -002 -001 -§ 0.p1
I 075 06 g Y
II 05 0.3 @ p:
\Y 0.1 0 &
\Y 0 0 0-
Story drift (rad)
of the # storey columns @) b)

are  determined. He Figure 8.Storey shear coefficientstorey drift ratio relationship) 1™
deterioration factor ( is St. model, b) Z'st. model

the ratio of residual

dissipation capacityl,) to total dissipated energy capacity,{E;) is calcuated (Figure 10. The
deterioration factor & E/( E4+E,)) of columnsis given inTable 1 which shows the damage level

from | to V as determined bgnalytical calculationThe damage rank of thest storey columns is

given in thestoreyplan (Figure 11). In Figure 11he first, second, third and the fourth damage rank of

a column represent the damage level determined by static and dynamic analysis of the first structural
model and static analysis of the second structural model and onsite survey (actual damage),
respedively. The damage rank of the columns calculated through static and dynamic analysis
conforms to each othen the first structural modelThis indicates the reliability of the nonlinear
dynamic analysis. Howevatamage ranks determined from the secondcgiral model and actual
damage ranksre not exactly the same, especially for inner side columns (axis B); results have



