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SUMMARY 

A 101 of applicatìons 扭曲甜 FEM have been developed by many investigators，個d "，何ed for the 
p隱瞞 analysis of member-buckling，岫Ib州略 1.. 叫 buckling， 叫個吼叫曲。啪伽甜甜l

struclu目1 elements c扭扭曲a1yz剖 precisely by these a押Ii且tlons， 泌 的 still hard t。曲alyze whole 
structure in the 國me precision b且ause of the limited memo可 50扭曲d CPU-perfonnance. For the 
曲“ysis ofwhole s回咖悶， we have to deal with rough model and that I間也 us to the Icss precision 
Ifwecan unifyp問問 applicatio阻 under intemct environment, we c甜甜alyze whole stnJ曲=s開
precisely. AI叫 ifwe 且n unify di仟'erent kinds of applicatio悶. V""'叫s phenomena血a加edby自由
叩Iplic訕。nc扭扭囚'ßS I曲目d simultane叩sly in the 祖alysis ofwhole structure 
As the rmt st中 to r，回Ii扭曲。vepl血， 也IS p;中.，血als with the elasto-plastic structura1 analysis of a 
steel braced 告ame. Severa1 personal computers were networked. Each compu個朋alyzed bear肘，

∞Iwn血，回d braces, r自pe的vely . The 甜甜海路-matn明s of each member are transferred to the host 
computer through intemet. H由兩間mputerco回btut且也egloba1甜甜less-m血ix for the wholc 抽ucture，

胡d曲Ives the g1oba1甜甜lcss-equa尬。n. The in白質nental defonnations of each memher are di甜ibuted

to each computer from the host. Each computer analyzes the next step using the transferred 
defom叫lons， 曲d ，e帶1;目 the revised sti昂3晶S 抽血e host 
The results of the pushover 血alysis and the earthquake response analysis were shown 甘le stable 
transfcr of information by 1,489 steps for 230 minutes could be su自由sfully achievedτhee仔ectof
mid-load in each member on the hehavior of whoJe structure can be adeq峙tely considered. And the 
bchavior of whole stn品ture after buckling of bra臼s can be successfully 扭過lyz吋

Keywords: ìnternel, posl b叫“唔 behavìor， pushover analysis, earlhquake阻sponse analysis 
colla卸ratlon

INTRQDUCTJQN 

Wh凹 we analyze the elasto-plastic behavior of a building steel structure precise旬， considered at most will be 
el臼 to-pJastic behavior ofmembers , buck.ling ofbraces , deformalion ofbeam-to-colunm connecti。肘，阻d 目 on
A1though lateral buckling ofbeams個d local buckling of mcmbers can bc analyz吋 p'，開 sely by FEM, the object ìs 
linùted to a smal1 structural e1ement because of the limited memo可'50扭曲d CPU-perfonnance. lfwe want 10 
00血;d釘 them ìn the 缸ta1ysis of a whole structt血. we 旭veωd目lwithar曲。 model， such as a spring with typ間l

force-defonnation relationship, by which we can get only rough resuJts 

In the field of numerica1 ana1ys峙. p缸allel processing and di訟ribut吋 processing have been proposed fc叫 th，誼wysis

ofhuge抽~cbn四 Mostofthem utiliz目 a lot ofproces回rs of a super computer. Recently, as a network of∞mp"個s
h晶 improved significantly, the parallel proc自sing technique 扭曲mes not only for one super∞mputer but also for 
a group ofpe悶。.nal computers on the network (Shibata et a1 . 2001). lnlemet-based test which utilizes intemet 
envirorunent for the communication between the loading sys個n 阻d也e numerical ana1ysis was reported (Hsieh et 
a1.2002) 

I A.<.foc. Pro[r..<.for. Depl. o[ Archil<<個rQI EI唔， GrødUQII/ Schω1 0[[，唔， OsakQ Unill.. JQP叫 l/.mQiI: IQdø@/Uch.l/flg.ø.rakO-W.Qcjp 
' L甜Ufl/f， Dept. ol Arcltill/d Ul"Qf E"g.. Grøduøll/ Sdoof o[ E"g. 由akQ Unw.. J，勾旭夙 e 肘if: '\:u咽@JIrch. 1/略 o.<QIcQ.u.Qc.jp

1-



The 5h Seminar on Earlhquake Engineering 

for Buìlding Structures (SEEBUS 200勾

October 17 and 18, 2003 

Ky叫'0， Japan 

INELASTIC RESPONSE SPECTRA CONSIDERING THE NONL的EARI1Y OF

THE UNDERL YING SOIL DUE TO THE MODERA TE EARTHQUAKES 

YODg~岫kKIM'

SUMMARY 

Seismic design α刻間 devel叩d ∞由ideri啤Ihe 甜。ng 曲nhq咀kes may 間叫t in unn民晶晶'y
econo曲曲lloss in the moderate seismic acea.缸‘d the im仰自且晶。f the peñonnan自 based d個F
∞nsidering the 阻 l-structure in眩目咽。n 時間曲'gn;z.到d for t扭間曲咀.ble 緝的mic d間gn. ln 也;，;

恥dy， elastic 個d inel祖lC selSID1C 間ponsear凶lys晶。f a single degr閣 。ffi田dom 叮stem on 血e
回a 間iI 1ayer were peñonnOO 曲間dering thc no叫m目rity of the soil for the II moderale 
甜甜可阻kes s且JOO 10 the nominal p且k accclerations ofO.075g, 0.15g and 0.2g. Seismic response 
ana1yses for the structure-soil sy臨m were peñonnOO in 0咽 st叩 applying the 閏nhq'岫ke motions 
10 the bedrock, using a pseudo 3-D dynamic 紅遍lysis s。食ware. Study res叫ts indi阻ted thal il is 
闊別es且ry to consider 血e nonlin甜甜il-s恤仿ure mlera仙on effec扭曲d 10 間form the 
peñonn曲曲 ba且d seismic d曲ign for the various 帥il layers rather th且 10 follow the routine 
procedw四 spccified in the seismic design c吋目 Nonlin曲rity of the 甜食 曲il excitOO wi曲曲e

moderate 曲巾q圓k目刮目 affect吋 signifi目nUy on the elastic and ine1astic re句絢nses d田 t。由e

no凶曲曲Z 曲il amplifi國tion of the 回nhq且ke m曲ons， and it was pronounced especially for the 
elastic 聞自

E吵呻曲: moderale seismic area; soil-structure interacli帥; eJastic and ineJaslic seism悶悶ponse;

呵。 soil J，句ær; pseu曲 3-D

E可TRODUCTION

R且ponse sp<叮叮2 可阻前吋凶叮lOst of the seismic d自ignα划自 are basi回lIy develo防站曲閏idering the 血.ng
且rthquakes. However low 祖d moderate 目岫你且臨時曲吋S of rel甜vely short dur咽。nh扭 曲e characteri抽回。r
narrow band.吋 ene，gy ∞ntent giving the narrow banded 呵lCCtral peaks. Using seismic d自Ign 咚咚lOose 每間m
develo防划品r血e 曲。可間由q圓k目 may result 凶 wmeccssary invesune甜甜d c<詞。nonu回Iloss for the buildings 
in the moderate seiSmÎc ar，回(I)onald 1991) 

The importance of soil-structure interaction for the scismic design of struct宙間 is now commonly 闊別()gniz祉，
個d the import扭曲。f the peñorman自岫也d seismic dcsign is a1田間:ognized 10 protcct struαures from the 
strong 甜地q圓kes after Northridge Ear甘阿圓kes. Soil-s山cture interaction analysis of structures 四nsidering the 
slle 血泊∞Dditi。闊的 neces且ry 10 predict r祖曲抽bly the seismic resp。由e ofa 甜ucture in the performan個
岫S吋 seismic design. (Krawink1er 199叮 But true nonlinear seismic analyses for the 甜il-structur運 mteractJon
pl曲lem 缸電 prn曲曲lly difficult， 祖d nonlinear analys目 are peñormOO for the a開roxm叫e 阻lutions

In lhis 恥dy， seismic 閃電xmse anaIy阻 ofa sin到edegr閣。ffi揖dom (SDO叮叮恥m lying on t扭曲，ft 四iI were 
peñonn吋 mone 51中 applying lhe 且由quake excitations 10 the bedrock. For the no叫m且r紅海ly間， a lin曲血吋
lIerative m巴山odw田 u凶Î2ed. E1fects of the nonlin目r 個il layer on the seismic responses were inve必igat，吋
個mparing the re恥臨s for 血e nonl扭曲Z 回iI with th。“如 the lin，聞目il 叫 UBC.97. (ICBO 1997) Stu<!y 
was carried oul for a swfa晶 m咱四n size mal foundation bui1t on the UBC叫1 type of So using the 11 low曲d

I Prof~slor. Major inArchit~cfliroI E，咚InunnJ已 Mo妙。 Notlo1UlI Univc叫，九 j)4_71民 R句>flbüc O/Korlo. '.",011: 1盤且直里坐且起."
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PROBABIL自TIC ANALYSIS OF THE NON-LINEAR SATURATED CONTROLALGORITHM 

Kyung-Won Min1• Ji-H凹 Pa.rlè. and Hongjin Kim) 

Summary 

Tht me訕。d for the pr曲abilistic ana1ysis 00 the noo-linear ∞ntrol algoritlun with actuator sa個ratton IS proJX臨d

恤.sed on the 呵山valent non-lin回r system method. Nurne刮目J e阻mpl目 are gìven to veril甘心e approXlmate 
p'曲ability de阻ity function (pDF) res叫15 曲旭戶nng 曲。se 10 血e 阻，tisti且lIy 曲lam國 PDF resu1ts when the 
syst,m 跑到Ibjected to a 臼區"個 white n<l間 and a Kanai-Tajimi filtered 臼U甜甜 white 曲曲It is shown 也al

thePDF個抽血ted using the proposc刻間回"0阻 CI田elyappro旭mal自由ePDF 曲個ined 啪"甜甜Iy.

E‘TRODUCTION 

The scale of civil structur祖祖d the magni他de of dynamic loads r呵uire a huge arnount of control for明，紅1<1 the 
Z明問世∞ntrol forc目 in real situation may ex，α甜 the 且pac抽目。fcontroldevic晶 In such 且ses. the actuator 
saturalion nec;曲 to be taken mto aα:ount in the design stage by limiting the maximwn ∞n宜。I force to the 
且阱。u回 of∞ntroldeviα:5. Bang屯曲g type control a1gorithm, which us晶 the maxîm阻n ∞ntrol force all the 
time during 11尬。扭ration， is among曲 m個個pular∞ntrol a1gorithm伽 the limited ∞ntrol forc間但irl<， 1970, 
Min et aI.. 2開3). Sin扭曲e a1goril1un gener刮目 onJy two 且S揖- maxunum ∞帥。I forces in positive 四d

negallve 曲-ectio悶- depending on the 曲宙間悶。.f feedback r田pon晶， bang-b祖8∞ntrol algorithm belongs to 
non-Jin且r ∞ntrol aJgorithms. Wu et al. (1995) invesû伊te the effectiven目S of vario世 non-lin且r ∞ntrol
a1goritluns including bang-bang algoritlun and ∞mpare thc effectiveness to that of lin目r ∞ntrol a1gori血m
They ∞nclude that non-lin曲r control algoritluns ar海 more effective for the reduction of peak r，呵)()ßse than 
l閉目r∞ntrol algorithm when the ma旭mum∞n館。I forces are limited 

h 血is paper. the probabili抽.c analysis is performed on the non-linear ∞ntrol of SDOF 叮stems with actuator 
sa個rationτñe non-lin曲X ∞ntroller with act阻10' 且turation employed in t1ùs pa阱:r is the ∞ntroller 血ala，α， as
a lin個r∞ntroller in the trar田tion regìon and u1且也扭曲e maXlmWß曲ntrol for田-S outside of也eU茵茵ition region 
In the following 揖加ns， the 開山祖lent non-linear system th曲ry is briefly review甜甜d 叩plied 10 血e non
h.曲r ∞ntrol algorithm with actualor saturatìon in order to fi甜甜 appro沮male 回lution of PDF. N凶n師回l
e祖mpl自 are gîven to verify the appro泊mate PDF results ∞mparing th阻eto 曲e51甜甜且lly obtained PDF 
m阻115

CONTROLALGORITHM WITH ACTUATOR SATURATION 

Consider a lin目r SDOF system 叫bj咽ed to a 臼USS阻 white noise叫叫nessed 晶

x+2ço%x +ωf5x = b 1 w(t)+b2u 
) 1 ( 

where C;o 曲dω'0 ....恥 da呵呵咽flicient 叫咱tUr.lI freq岫可，悶悶tivel抗 x is the 蝴岫me吼""'

D阻k∞，lc. Univ釘"Sity， Hannam-d個g. Yongsan-gu. Seoul, 
82-2-799-1154 

R晶個t:h C.曲恤， D留>k∞，kU血'"剖ty
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AN EFFICIENT MODEL FOR SEISMIC ANALYSIS OF FLAT SLAB STRUCfURES 
WITH THE EFFECTS OF STIFFNESS DEGRADATION 

Dong.Guen LEE1• Hyun晶I KBtE2， 血d Seung.Jae LEE1 

SUMMARY 

Flat slab sy51em h晶 b開n adopt咽 in many buildîngs 曲困山cted recenUy because of the 
a申antage of reduced f]∞r heights to m甜伽間nonu甜甜甜叫聞叫 dema曲 StruClUl1ll

engm間盲目mmonly use the 呵山，valent frame mcth咽但fM) with 呵山叫四tbeamspropo認d by 
1.∞b S. Grossman in pra曲目J engin且ring for the analysis of ßat slab 甜uctures . However, in 
many 曲揖s， when it is difficult to use 也eEF卸f， it is nec扭扭ry to u揖 a refined finite element 
model for 個 a時間沮e 誼talysis. But it wou1d take signifi個nt 紅nount of ∞mputational 個ne and 
memoηifthe 聞自e building struct閻明咒別出ivid咽 into a finer mesh. An efficient anaJyti且I

method is proposed in this study to obtain accurate results in signifi目ntly redu且d ∞mputational

time. The propo況d me出od employs super elements developed 臨時 the matrix ∞nde抽血。n
teclmique and fictitio凶恤缸ns31奪世ed in the development of 阻per elements 10 enforce the 
四mpatib山ty at the inteñaα:S of 目per elements 甘\e stiffn曲s degradation of nat slab system 
∞nsider吋 in the EFM 明s taken into ac間unt by r吋ucing the elastic m咽u1us of floor slabs in 
血is stu你 Static 阻.d dynamic analys晶。f example structures were perfonned and the efficiency 
個d.宙間2可 of the prop<浴ed method were verified by compa血g 自e n:s叫ts with those of 也e

refin甜 finite clcrnent m咽el 血d theEF社

Keywo，曲 Jlat slab s，岫clure; stiffi叫芯 0/slab; sli.伊'ess degradation; mal,.ix condensation: 別戶r

.1.間nt; jiClitious stiffbeam 

間TRODUCTION

Flat slab system in which ∞lumns dir回ly 血ppon 自由r slabs without beams is adopted for many buildîng 
況ructures recently 回回tructed. Sin個 flat slab system has no b圓Jr眩. flal slab 可stcm cxhibit 認咽l1Il甜珊ntages

扭曲曲 providing I。明r buil曲g heigb~ good ligb血tgandv間曲曲兀自sy ammgement of pip聞組dwi用
血泊er sla峙， more cl目Z 旬到a間， 缸'Chitectura1 Dexibility 曲d 且sier fonnworlc which 回閻明uently make 
∞nstruction time shorter. However, flat slab system 旭S 曲rne difficulties in making long 句:tan structures and 
l8Jge openings in 血bs because of the limitations in plan ∞nfigw曲曲曲ch as a每間t ratio of sl曲雪， 闊的。f
間1山間甲acing in bo血 directions etc. E句臨ially 甜晶lCSS degradation is noti由able under lateral l曲曲曲d ìt 
may be necessary- to pla扭曲me appropriate bearing wa1ls in regard to 位ructura1 plan beca唱e of large 5101)' dr曲
f1at slab sy血m was primarily d軒eloped for a resistance to gravity 1咱也 u叫 many re銘扭曲曲。.ß a resistan扭
曲惘。ty for laterall曲曲 have been undertaken 珈f個h1e 19呵.Mul且hy 1983) 

Structur溫1 en扭曲的曲nunonly 世e the 問uival個t frame method (EF間 mpm晶晶1 回gm揖ring for the 祖alysis
of flat 血.b struc恥間 (Grossm曲 1997， v.mdeIbilt 1981). In the 呵uiva1ent 食1IlIlC me心祉， f]at 血Ib system Îs 
m咽el剖 by equivalent fI當ne and e1astic analysis is perfonned. The 0∞r slabs in ∞.Iumn 蝠lp 3IC間'erely
deformed wi曲曲lumns when plat slab structt且X啥時間der lat償還II個ds. How前er， the slabs between ∞lumn 咽，但
缸"C hardIy deformed. Th間， 自ee晶晶ve wîdth th刮 目n resist a bending is us吋 for the width of 血e 呵凶，valent

;pmhzJO巾"g恥伽n Uni....',iry. Konll. ...m耐吻她呻IkkN.llC.kr
， RmeoprhAg帥iat.， Sl.Ing，恥枷棚仙岫閉ry. KO,..Il. ...mall: djgωrchl@J，蜘帥
G，ad間" SlIIdenl. Sl.Ing，恥融閻明 Unl....rs.咿K個a. ..mall:祖Q唔呵10.11'1
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SHAKING TABLE TESTS OF A IDGH-RISE RC BEARlNG-WALL STRUCTURE 
WITH lRREGULARITIES OF WEAK STORY AND TORSION 

AT BOTTOM STORIES 

H組合曲n Lee'祖d Dong-W抽 Ko'

SUMMARY 

Recently, many high-rise reinforced ∞ncrete (RC)恤aring wall stru曲.lreS of muItiple u臨
have been ∞nstructed. which have the 盯<Il'血riti晶。fw且k (or 目的 story 凹d torsion at the 
lower stories simuI岫n曲usly. The 恥dy stated he明in was perfonned to investigate scismic 
perfonnan峙。fsuch a high羽se RC 甜U叮叮-e through a scries of s旭king table t回tsofa Ll 2
model. Based on the 曲servations of the test re血lts， the ∞ncl岫ions are dr當wn 晶晶Uows: 1) 
Accidental torsion due to 自e W1自rtamty 00 曲e propertt晶。f strucnue can be rea曲曲bly

pr世icted by 田mg 曲e dynamic 誼131ysis with the 且nt缸。f mass beìng shift吋 by 5 pel回凶。f
the dimensîon of the buîlding perpendiα11ar to the direction of 曲e 個CI個ItiO咱也阻 by
usmg問m祖lent lateral force proc圖阻 2) 甘\C mode ∞upled by u茵茵lation and torsion 
indu自d 曲e overturrung moments not 0叫y în the direction of 個cltabo阻 but a1so in the 
perp個diC\血r directionτ1世 axial for田sm∞lumns due 10 thìs 叮當1SVerse overturrung moment 
國血。t 加 ad呵uately pr世kt吋阻ing the e姐姐ng mode 位'I3lysis t自lutiq帥， 個d 3) Whereas the 
model responded mainly in the 回lupled translationa1 and torsiona1 m咽e under the moderate 
間rthq圓ke exαtatio阻， it d也nged 自1s mode to the torsional mode 誼民lOn 且由e flexible sîde 
underwent 血e large inelastic yìelding 叫血且開s de伊datio阻 under the seve時間1個缸。由

訂閱 hysteretic curve and the 盟軍ngth diagram bctw田n base sh阻r and to呵ue (BS叮 cl國rly

間V曲1 the predominant mode ofvibrations and 血e failure mode 

Key><兩"，.d.s: reinforced concrete, shaldng lable tests, i"egularity, torsion, 0凹的。'nìng momenl 

E可TRODUCTlON

Due to the 留問re shortage 缸吋 for the effective 田e， of the sites 必rncw 臼nstructions in metropolitan ar回sin
KOlea, the buildings of di1ferent uses along the height have b個nb凶It fr問血ntly during the past de曲曲 110e
m咽曲mmon甜uα茵茵1 system has b間1 曲e momenl-resl血時早a由自祖ne for the lower st聞自朋d the b<訟ring
wall syslem for the upper stories sin個 the lower stori自 us圓lIy a.晶。mm叫“e 也c par垣ng ar田， ∞nunercial
每刻曲. gar由n， or Just open 旬到aα且s for 曲ear曲îtectural r祖曲目祖d the hi阱er ston閏缸官 g聞自'lllly 阻edas
部artrnenl 四世 s type of building struct回回恤間 the ve甜且1 由它必且arity of回ft or (.血。weak. stOI)' sin個 many
upper bearing walls discon恤ue at the lower stori臼 and may 刮目 fonn pl祖師電:gularity where the layout of 
unport血1 lateral-for祖-r唱ISting ver包圍1 elements su晶晶 shear walls may be asymmetric for some arc岫配制raI
r回且也

The劉udy on the seìsmic performan峙。f叩ch buîlding 抽uctures whìch h前e on1y verti自1 回電學曲riti自 were
個nduct甜 in the past 札揖 et 31 , 2002). The 曲~ective of this study staled herein is 10 inv回igate the scismic 
R吋orman曲。f a high.rise reinforced-concrete bearing-wa11 structure having 叮egularity of扭曲 W回k story and 
torsîon at the bonom sl聞自
The lorsiona1 behavior of building s山α田間 have been 甜瓜ied by severa1聞目前間 including Chopra(199S), 

-'p，吶，峨 v.".~酬 ø/Archftecω ，.1呵incering. Kono UI'I岫呻帥，咽 ，.m叫 hslU@峙，咽。<.a
aGFadboJe smdhnt 
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εYCLIC SEISMIC TESTING OF STEEL MOMENT CONNECTIONS REINFORCED 
WITH RlBS 

Ch曲1-80 LEE1， J個g-8yun JUNG1
, Myung-Bo OBJ

, and En-Sook KOO. 

SUMMARY 

A simpl面ed design proα訓dure as well as load tr迦lSfer model for rib-reinforced 間smic st目l

moment cOlUlections was proposed 闊別t1y. A5 a follow-up stu旬， 血 e耳聞me岫J program w.晶
implement吋 to verify the proposed procedure and to d.仇電lop some schem聞控"l3.t would prevent 
cracking at the rib tip. AlI the 可阻imens d開伊閣制lowîng 曲e propos吋 p""況dure e曲ibited
satisfactory levels of co個問tion plastic rotation. A ∞mbined s甘ategy， or rib r.缸ûorcement pl回
slight trimming of the beam tlange in the fonn of the radius-cut, push吋 the pl甜tic hinging and 
local buckling ofthe beam away from the rib tip個d effective1y redu自d the crac說ng propi祖Sity at 
曲e rib 甸回e 甜ut action of the rib and resulting reverse shear in the beam web 哨real個

iden山ied through 也e strain gage readings in this experiment 

1. Int間ducti。且

τbe 1994 N。咱回dge 血d 血e 1995 K曲e 聞到hq'岫k晶晶used wîd目pread fai1ure of we1ded moment ∞m甜tions
mst揖1 moment-resisting 貪官n目 A variety of improved moment ∞nn聞E。晒 have been prop。“d after 血e
自由q咽keτbe more popular 血ategies 10 circumvent the problems associated wî自由e pre-Northridge moment 

a 間甜甜tion include 甜曲。hening t扭曲阻副ion or weakening the bt:祖ms 血割舍'aJlle into the ∞m副ion. Fig. 1 

zr品ttzziZ認認可ozzz;2:認FZEf;12?ELELZ鼠。LtZ$12212品
，闌珊 we1也

(a) Cover P1ate 。) Upstanding Rib (C) Side Plate 帥Haunch

Fig. 1. Exampl的 ofmom個t connec泊。n5 per st間且gtbening strategy (1) 

Up叫街叫ing rib in Fig. l(b) may be used to reinfor且 welded st開1 moment ∞nn叫ions. For example, Zekioglu et 
al [2] u段地 rib reÎIÛorcement to supplement the 個，per咽t reduced 出am sectlon 恨BS). 峙 . to further limit the 
~ in the beam f1ange we1ds 血.d to provide in.α曲S吋，edtu吋an叮 for the ∞lUlection. Rib reinfor.自ment may 
a曲k 阻吋個 ad也官ss the situation where the frame design r明叫自由制自ssive RBS 個四個曲曲叩開田nt
~f~e beam f1ange) due to short 咽ns， or 凶扭扭阻， dφihs [3Î 
h個自路咄en阻 rib pl甜sto耐阻扭曲甜smic f函示且也 ofweld.甜甜:1 moment COlUl帥。悶，恤edon
claisi咽 beam th個哼， 且個ming tl圓白; ~~~~i-õf~.抽a is incre甜甜 n曲曲e face oft扭曲l凹m 回祖t the 
蛤nsile str祖s in the groove we1d is r.吋U自治 However， employing the cl且以曲1 beam曲曲ry in the do自ignofsome
間1d咱扭曲1 moment COlUl甜。ns岫岫n brought into question after 也e No叫回.dge 甜甜明且ke. G由1 et aI. [4] 

-. . 
2 喵民提late profE揖oor， ~醉。f Architectur吧 . 9阻斗NoUcr祖1 Urùv. , seol丘 ， Korea , 151-742 ， 制制l 個101ee@sru.ac . kc

BN均lstarrt Profesoor, Dl扭。f Architec阻止啥， 剛.，.，.， un凹 ， 抽血， 他rea， 631-101 ， 軒l'olll : jhja咽旬.nmam.ac.kr
.』甸岫 ""1曙<. 句抽1 1間titut.e of o::....stIuct.icn 帽~l旬， 向仙， 他間， 449-710，叩11 由岫申∞ U
m這期間::tl Erqineer, H}u由主 lnstltute of o::nstxuctia1 Tedn:llogy, YO呵仙. "，n詞， 449-710, e-It<lll 自"'"姐當但'C .ac.kr
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CHARACTERlSTICS OF ENERGY CURVES OF 

DIFFERENT STEEL CONNECTIONS 

Jang Hoon K.IM1 

SUMMARY 

Kyoto, Japan 

The evolving energy 址leory is discu路ed and 叩pli甜 10 experimenlal resulls of 46 sleel beam 
目lumn COßI海çtions wilb vario世間nnectìon Iypes. Using Ihe bysleresis-b晶吋 energy th曲ry， il 
shows thal an objective compari個n is possible belween diffe間11 materia尬 si甜5 and details. ln 
addition 10 energy curv間， the strengtb ratios at every loading cycle to the max.imum behavioral 
strengtb are presented, whicb relate the 詞fety 血reshold 10 cumulative plastic drift angle. 1I may 
be tentatively ∞ncluded 明白 care that 甘..，ne曙Y 回ntent，甜 long 自 nonnali盟d， may be NOT 50 
sensitive belween ditferent 鈍ructural syslem 明白 ditferenl details and size$. However, di fTerence 
in materials may maner. 

K可words: hyste間1$; 何rmalized) ene，宮 energy curve; energy absorption efficiency; 
cumulative plastic dri，.ρ ang怡.. and steel connections 

INTRODUCTION 

Traditionally，心e pbysical quantities hav ÍIlg Ibe 訓伊ificance in seismic analysis and eva1uation have been 
referred 10 force (or strength) and displacement (or du曲lity) . ln ac∞，d扭曲 with the m句ority of state-of-the
practice methods of analysis (ATC 1983 , ATC 1987, ATC 1992, ATC 1996, FHWA 1994), force and 
displacement are separalely treated as tbe target qu曲tities to control tbe seismic perfonn扭曲 of structures. For 
examp1e ， 自e structural syslem is required 10 Iimit Ihe story drift 10 a specified value for a prescribed 
þerforman揖 level in addition to Ihe c。由一.based 叩開眼b design 官由 may s揖m 10 be rea曲nable but a fata1 
祖istake may resuJt from tbe ignorance of cyclic and dur胡。n ，a軒ts of ear曲q凶ke loading, that 曲.Mot be 
JIrOJ間 Iycωlsidered in tbe current 臨的司。f-the-practice methods of ana l抖的

In order to overcωne the probable defect and supplement tbe imperfect stale-of.血e-practice approacb, 
tbe experimenta1 study is preferred. Howev眩.， every experimental program perfonn吋 by various 閉目副師
may bave 曲 individ咀1 significance but may 間t be relat吋阻。ne another and tbe 銬ismic performance cannOI 
1>0.押ropriately ∞mp"吋叫曲軸晶。ther. Every researcber m叮c1aim 血e perfonnance of berlhis devised 
W恥mtobes叩開軒 to the others in 個 ambig閻明曲nfidence 叫thout any objective evidence. Here is the 
k晶晶c凶ty，訓，也e every structural system (or subassemblage) is di而已rent 仕'om each other in material property, 

個帥，甜甜叫 10cati帥 maw呻咖'ho。珈1，血伽t叫c
?叫叫1 eleme岫 w叫u岫h 岫m叫tc叩刪叫。on叫缸g仰岫叫組岫叫。岫咱 』 蝴d副酬圳叫iv叫蚓v呵叫ely comp凹d? The energy 叫 analysis m吋，1

i呵yom旭.2站00阻2， C抽啤 曲dMa曲ndo敏"叩99蚵4， M釗w泌do官" ，“ta叫1. 1呻9呻9呵8， lGrn 2叩00叫1) c叩 inc1吋e 必o c'叮:ycli咚c and d血W1I則ti沁。叩n 3 

岫k削:泊旭ts叫。向咱q恤u闡叫a且k岫e叫load咀叫叫din呵ng 曲叫d all d叫叮吋叫t 嘲叫c岫叫I ∞蝴叫府繭figut"帥叫U'1I草
A拇pond‘叫ding u叩pon the goal to seek, di tTerent approach shouJd be used. For characteristics of e間'l!y 臼pacityand
?mpm個n between structural systems, tbe hysteretic energy is considered. For individual failure mecbarusms or 
EES咖呵閻叭m呵，n叫he mecbanîsm-b叫 stram en呻叫田dered. For ∞mplete ar叫yS1S， energy m 

thdomand 個d ca開city is req山吋
The pr阻.. 鉛'n削t pa呻P白 d“tS蛤c叫us鎔s閏 t曲】he bys'釗teres釗is-based el間唸r噫gy mod血01 血d do開mo嘲ns甜叮"8tes 1tS a叩pp抖Ii咀110n t。

伽m間叫血趾oc叫c咄h岫帥ct閒m叫s“t叭f ，側n呻叩閻叭。叫f v喇朋岫釗恥枷叫e揖叫，1ω叫m蚓削lon grou咖p戶s. For。叮r 帥，枷呻nme間e酬n划T

c曲e-<lisplacement bysteretic I∞ps of forty six steel beam-co1umn connections obtained from the SAC joint 

---a 
祖OC/atr Profr.uor, !Ñ，戶rt"，r"t 0/ A.rcllilrcturr. A.jou U"jvusj似的rrQ. r-",ai!: kj"，j"@4j<Ju叫F
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SEISMIC BEHAVlORS OF WUF-B CONNECTIONS 

Sang Whan Han1, Gun Up Kwon1 

SUMl性ARY

前1e pur扭扭。f創s study isω ，va1且也e the seismic perfonn扭曲 ofWelded Unreinforced Flange
Bo1t吋 web (WUF-B) ∞nnec個自由signed 四dd自iled in compli血閻明白 the FEMA 350 
recommcnded seismic design criteria (FEMA 350, 2曲的甘u'ee full-s叫c tcst sp但叩開sw間
made, which wcre designed and detailcd in ∞mp1的n曲 with the criteria for WUF.B connections 
in FEMA 350. Thc main variablc of thc s阻叩開s w晶 帥el zone s岫gth . Tcst specime目
W帥 loaded with 甲甜-stabc 間vcrscd 叮clic I咽ding 四e t晶t results of this study wcre 
∞mpared and discusscd with fonner rcsearch resuhs 

K可間，ds: WVF-B: Conneclions; lnelastic aCli，帥.. SeÎsmÎc D自信n;Jom的; Plastic hinges 

L'ITRODUCTlON 

Moment Rcsisting Steel Frames (MRSFs) are widely used in stecl 甜uctur聞自or latera1 forcc rcsisting 可這祖ms
due ωth，叮 superior ductility and ene喀yd間ipa1ion capacity. Sho叫yaft，訂 the Northridgc car也qu>ke (1994), 

the SAC stecl proje晶(Ph晶c 1, pha且 2) were perfonned. Numerous 間perimental tests 阻d analytical stud峙
。n MRSFs were conduct，吋 ωinvestigate 也e 且us閏 of 訟1e brittle flω1ures 胡d provide reliablc and economical 
且lutio間 10 the problems in 卸mSFs 甘lis study f(田us峙。n 卸mSFs having wclded Unreinforced fl血ge-bolted

connecbons 

Stojadinovic et al. (20∞) pcrfonncd cyc1 ic tests of 棚 WUF-B connection 叩eClme閩西e specimens had 
m吋ified details that includc thc u甜。f a notch-tough metal and 血 improvcd wclding pr阻edure 甘le be曲，
flange attachment details are identical t。油田e in FEMA 350 ex阻pt weld 臨時55 ho1e details 

Nonc ofthe specime血泊恤缸吋 the criteria 品r the plastic rotation c可aαty ofSMRSFs 也at is 0 田間d 晶cording
to the 1何7 AlSC seism<c provision (1997). From thc 岫t 甜甜恤， S切j甜inovic et al. (2帥的 verifi甜 that the 
notch-ωugh weld metal and newly weld pn:到，edur苟 improvc the perfomu扭曲。f unreinfon:提到d ßlOment rcsisting 
connecnons 
Ricles et al. (2∞2) perfonned cyclic t闊的 of elevcn full-scale column conn阻徊。n spcclme阻 to develop 
improvcd details f，叮\UlI'einforced wclded flange moment connections. The b巳:am flange attachment d間ils are 
identi目I to tho間 in FEMA 350 including 晶。自s hole detail which is reû開吋旬自m咽ified a目揖s hole (M曲訟，
01. ， 訕。1)τ'he bcam wcb was attachcd to the ∞lumn fl血gc using a Complcte Joint Pcnetration groove weld 
(CJP) 曲d 曲曲nuo田 面lIet wcld w回 applied to the edges of thc sh目Z 旭b 聞自pt for four specimens (口，1'3， T4, 
叫dT6)

阻cles et a1. (2002) r間mmcnded two types ofweb attachment dc恤1s，祖 fol1ows;
1) The beam web is CJP welded to the column fl血ge，血d a sh目Z 包.b isa'也咄咄 to the b曲m web using a 

supplementary fillct weld 

, p啪!Uor. H，呵呵恤iW:YJlty. S<<Jul. KonQQ. ~mQiI:JWIw唔Ho咖呵，且.ú
, Grad. Stude"l. H，呵祠，司g' u"jyc削Iy.&o叫'. KOI四
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CYCLIC BEHAVIOR OF STEEL MOMENT CONNECTIONS 
STRENGTHENEDBYFLANGERIB 

Cheng~hih CHEN1 and Ch開Ig-An LU2

SUMMARY 

訊自1 moment 曲nnections reinforced with fl胡1ge rib 且n provide promising 叮clic ductility，甘tis
paper presents e呻叩m目包I data 00 four large 認a1e 曲m蚓10n t，目t 每間imens reinfoTC吋 with the 
len到3開吋f1ange 巾， which is c岫racterized by co間sting of a main reinforced part, a CUIV吋
p甜血danex個四個 Test results 血owed that, under 叮clic load, all four 句間mens developed a 
pla甜c hinge fonned in the exp;回ed location away from 曲曲Iwnn 四e lengthened flange rib 
∞m叫ons師回pable ofpro討dingd自irable pla甜c rotational 個世"世甜甜 well 甜 maintaining

the required fle刻間al strength 

E可叫F曲 stee/ moment connectìon; plastic hinge; 。結/ic behavior; p/astic rotation 

間TRODUCTION

SI揖I moment-resisting fram且 were 曲nsidered reliable before the Northridge 且nhq田扭曲lused damage這 00 the 
beam-to→column ∞lU1ectJO阻Manyfia帥臨s have been found in the ∞m蚓ions 恥laItin 1998; 可rrembl叮 et al 
1995). Sin由 then， st晶1 moment connectio血 received intensive in吋闇igation on improvîng the pe的onnance of 
the pre-Northridge connections. 甘le majority of 血ese research自 have included the reinforced ∞nnections 血d
the r，吋岫訓d beam section (RBS) ∞m甜ions (Enge血ardt and Sabol 1998; Uang and Bon也d 1998; Engelhardt et 
aI, 1996; Chen et al 1996), S研皂用1 reinforcing 民hem晶 were adopted to strength叩 the ∞間問ttons， su晶晶 the
use of cover plate, haWlch， 朋d f1ange rib 但:ngelhardt et a1. 1995; Zekioglu et a1. 1997; Ande路。n 叩d Duan 
1998). 80th reinfo闊別d and RBS connections use the 甜甜gy 10 ∞ntrol the yielding mechanism at a desi且Ible
l阻泌的n away from the b個m<olumn interfa居

Among the flange rib ∞m自uo悶，叮c1ic behavîor and m咽es of failure were not the 組measd自cn做到d in the 
Iite祖祖re ， Engelhardt et al. (1995) ∞nducted tv.。中ecimens reinforced by welding two tapered ribs on top and 
bonom beam fl凹g自回叮 found that specimc間回叫d fonn plastic 祉nge on the b曲ml且ated at the end of the 
n恤， but at which the beam flanges also fractured when specimens r田ched ma旭mwn pla甜C rotation of 2.5祖d
3% 且dians. Zekioglu et al. (1 997) ∞nducted the experiment 也at specimens were rein氫0<0剖 by two tri個伊lar
rib plat目 welded to 曲ch 1x羽m flange, but the 恆am flanges were al曲 shaved. Their t甜 resu1ts showed that a11 
thr田 speclme阻 fiact田'cd at the 咽rrow電st section of the beam fl曲阱. wh己也晶 showing promising ductilc 
pcrfonn曲ce 官回 W扭曲ntributed to the presen回 of 血e rib for d缸惚扭曲g 也e 甜'Css den過nd at 血e
beam啥。lumn inte由曲， and the presen曲。IfRBS for increasing the pl國bC rot曲。n 且脾city. Anderson且dD咀且
(1998) ∞nducted three s阻imens that a tri曲gular fin plate was 明Id.甜 to the top and bottom b個m f1anges 
S防;:cimens developed hlgh p扭曲c rotabon 曲paClb自 Final failur官 ofthe 司:>CClme阻 included the weld fracture 
betw回n fin plate and ∞lwnnflange 

Obvious旬" the pr電vîous studi目 demon甜.. ed 也al ∞m眉山間曲研單h個ed by ribs could decrease the 曲唱sm
the groove weld and move the plastic hinge 1阻ation away from ∞lwnn fa目 However， the rib plate of those 
算臨lme悶 cc叫d 扭曲目 the 甜ess 曲n個甜甜。n on the beam flange due to 曲e shift of critica1 section from 

;AS叫帥阿'eJlor.曲~pt ofC/Vi1 EI叫叫叫Chi叫叭verll間，叫 e叫伽叫你@moi臼帥ι帥'"
Struchlral Engineer, Sinotl!ch E，咖
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NETWORKED HYBRID TEST FRAMEWORKS AND EXAMPLES 

K叩g-Juin WANä , Keh-Chyuan TSAf, Shiang-Jung WANG3
, WI帥-Chong CHENG4，曲d Yi咀n-Sen YANGs 

SUMMARY 

A proj甜， Internet-based Simulations for E扭曲q閣ke Engir臨ring (ISEE), had been la凶，ched in 
National Center for Res且rch on E紅thq咽ke Engir明ring (NCREE) (0 d肝'elop t回lmiques of 
network吋∞Ilaborative struc祖祖1 呵:>erimentsτ1lis 戶戶r gives d目cription to a Platform for 
Networked S恤.CtWaI E有前iments (PNSE) as one of the two approaches under the ISEE proj閣
官le PNSE links a numeri曲 1 simulation program and a number of facH叮 control programs 
g曲'grnphi曲lly scattered around the world by the Internet. AII those 臼lcu1ation and facility 
回ntrol modul目 are linked by point 恤-point TCP ∞lUlections under a multi.剖clien臨ov"
architecture. An appli且tlon prot恥。1， the Networked Structur祖1 Experiment Protocol (NSEP), 
which defines rele抽nt 研ents 阻d activities in structura1 1訕。raton間， as well 扭曲ntnt也U也，tlon
ruIes between the client and 民:rver， w描 proposed to work with the PNSE for ∞llaborative 

expenm間ts. Results of transnational num閻明1 simulations and r且1 'x間田間ts pr肝e the 
validnes浴血.d the effectiveness of the PNSE 

E句fWOrds: lSEE, structura/ erperiments, network, lntern側" TCPIJP, ps叫do φ'IIamic lest, 
app/ication protoco/. 

間TRODUCTION

For structural laboratories to m自:t the in位自sing demands on t自ting large and r，且Jistic 申CClmen， a more 
p'"曲曲1 solution is to link a number of laboratorie浴 by 曲e Internet to ∞lIaboratively perform a single 
experiment. Researchers in Japan and Korea have conducted some tests joint1y to inv目tlgate 曲ep'"曲目Ibility of 
pseudo dynamic tests betw它en these two 帥untri閱 (Sugiur通 et 祉， 1998; Yun 吼叫 ， 扭曲; Wata曲b， et al. , 2001) 
The NEES (Network for Ear曲q岫ke Engin居ring Simu1ation) proj呵， en'吋sion吋 by the Nationa1 Scien個
FOW1血tion of USA, also aims at explorlng the 出men曲回 benefits of sharing and integmting lal岫ratory
m阻urc閻明a network (National Sα扭曲 Foundation 2αlOb) .A P呵呵， the Interne叫到a回d SimulatioßS for 
Eanhq閣ke Engir間ring OSE昀，加ve been launched in National Centcr for R眉目.rch on Ear甘"Iuake En扭曲nng
們CREE) in Taiwan to 囚阻truct a p扭曲m 曲1 links nwneri且1 sim凶ation prograr抽血d facility control 
programs around the world by the Internet for network甜甜uctwal ，司總riments. Within the framework of ISEE 
proJect two approa晶晶， the D也Ibase Approach (Y.甜'g 2曲'3) 個d the Application Protocol A即I且，ch， provide 
diJferent pla由nns to achieve 出s g曲1 白白 paper briefly d晶cribes the archit目tures and pnt曲曲l
implememation of the Appli且tion Prot間。 1 Approa叫L

The Tra阻mission Control Protocoll Intemet Prot郎。 1 (TCP/IP) suite was design吋扭曲 open s包且也rd to meet 
the demand of data 當回到1Ùssîon on rigorous network conditions (po，剖，1 1981a, 1981b). TCP 8'圓甜瓜祖s reliable 
data u割的m阻on by providing serviccs such as ackn訊社吋ged delive旬 eπ'or d吼叫10n， re回nsmission if 
間祖祖1)'，也包 seq田n且 preservation， and flow control. IP provides addressing, rou個島. frngmentation 祖d
reassembly for 曲ta packets. TCPIIP 血曲曲us handl目 all 曲。盟 tedious works for 血祖tr.m每到on betw自n l>田ts
on heterogen閻明 networks. Thechrum~risticofopen 到扭曲吋祖d the fact of support from almost all current1y 
available 。但rating systems make TCPIIP the foundation of the today's Int，開回 With TCPIIP，缸ty two h.田ts on 
1m，回民曲mmmn且.te to 且ch other wîthout diffiC1叫世y provided th叮 have the same appli個ltion pro回到叫， which is 
a 咽。fpredefined rules describing the infonnation，且d sending 祖d re<抽ving behaviors of the叩Ipli且1I0n.

:AMGMR叫rcher. National C，叫rforResea叫 0月 Earth咽幅 E.g呵呵.nω叫喊 '.m耐師叫站ncTU.g例"
;P啥叫D，叫enl ofCivil Eng岫呵圳枷叫叫UniwTlity， e-mail:kc/sai@ce.. ntuι帥伽

e 
s Ams咐f伽σ帥nlRe帥"“a耐~τ叫h，岫e絨男 N岫a帥彷帕仰閒."耐al C，品a酬.，岫，紹'erj戶訕， R，帥2旭岫a“o扭m叫咐 o帥'n&，沮阿耐hq伊u闢G揖k侮穆E嗯1伽.，紛e啊rl.睹rg， n制"闢岫.執 e-moil: w.:c帥h岫"仰呵.啥嘲!噶叫宮嵐@砂ncre，習祖&呻g.叫‘以叫a叫神e伽、we 

ASSOCiate Research Fellow, N，叫onalCenter戶or Research 0 11 Earlhqudce EIIgineeri"也泊，叫n. e_maiI.戶allsen(砂，cree..gov.tw
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SEISMIC CAPACITY ASSESSMENT OF REINFORCED CONCRETE BUILDINGS 

USING AMBIENT VIBRATION MEASUREMENT百

Li個g-Jenq LEU I
• Chuen-Yu LIU2 

SUMMARY 

A simple meth咽 for as阻sing the seismic 曲"阻妙。f RC buHdings is p叩開“<l in 血is 副部Tbe
method employs the fu且也m血ta1 vibrati個 pen咽s identi且ed from ambient vibration 
mα凶urement . To this end, regr祖sion fonn叫as relating the 血面臨S 且d 跑回厚h of RC buîldi且8s
are derived first. on the basis of push.啥呢r analysis r田叫ts of 18 typi曲1 RC buildings m吋e1s 明le
criteria for 叫timate stage of RC buîJdings 國n be systcm d田tility or roof dr曲 ratio . The ultimate 
base sh回.r and its ∞πesponding peak gro凹daα浩Jeration 阻nbe個lculated. The propos吋 simple
seismic assessmcnt method is applied to onc RC building. which shows 血al il is nol only 回sy 10 
use but al目 a阻lJ'3te enough. 

E伊呵I，ds: Ambienl vihralion: seÎsmic capacity; push-()ver an呻吟的.; regression formu/I由.. RC 
buildings. 

E可TRODUCl哩。N

In the Iiterature. two major types of meth咽S 且n be dis個單且也edwi曲，.g缸rl 10 曲e selsmlc 晶質ssment ofRC 
buildings. inc1ud血g d.凶 100 meth咽S 血d simple me曲“s. Although accurate. 由tailed seismic assessment 
meth吋S， 目晶晶 ATC-40個伊Clty S防站住wn me油lod (ATC 1開6)， tak. p1間ty of timc to 目包.bli曲甜uctum1
models and to run non-lin甜甜甜甜 Simple 甜甜UC 揖臨sm凹1m抽咽s an:阻阻lly convenient to us巴. bul 
their a，間.lJ'acy may nOl be enough. τ'his 甜甜 aims at 阱。但smg a selSßUC assessment m抽咽。f RC buîldings 
a泌的抽出 accurate andωmputatlo阻lly mexpensive 

As all buildings 誼通 d叩伊吋祖訓ording to the regu1atio閏 in the building αxJe， their 甜Jfn揖s shall be related to 
位>e甜-ength (seismic 國脾αty)in 甜me way. Therefore, Ü one 且n establì曲曲e relation曲ip between 血e 甜曲less
and seismic 國.pacity of buildin眉. it is possible to 曲與泌的商間SmIC 個pacity by knowing its sti1fn.聞 h 也is
恥d乳白e 位i1IT臨s ofbuildings is represented by their fun曲mcnta1 vibration 戶間祉. which 目n be dctermined by 
ambient vibration m且S回電ments easily. 百1. 甜ength is in terms of the叮 system du甜lity or 叫tunate r，∞f也ift
ralio. Givcn the system ductility or ul個nate rl∞f drift ratio and the fundamenta1 vibration period of a RC 
M且Iding， the proposed method aims at calcu1ating the 叫血nate base shαu 曲d the ul山nate peak ground 
aα法Icration

LITERATURE REVlEW 

Using the p回咽s id，曲曲ed from ambicnt vibration m甜甜rem叩ts 10 研'a1uate the seismic 且pacity of RC 
bul1dings w四 fust proposed by JARPA (JARP人 1997) 祖e JARPA ∞ncluded from the 詞ISmtC 扭扭ssment
間凶tsof7 RC sch∞1 bul1dings 甘，tt

p，吋.JIO，" Departmen吋'Civil Englnnrln8. Notío叫Taiw叫 Univerliry. 佑，戶i. Taiwon. e-mail 切eu@ce.岫 恤N
&岫'01 Snt.den l. Department ofC 
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EV ALUATJON OF SEISMIC ENERGY DISTRIBUTION IN STRUCTURES - A 

MODAL PUSHOVER ANAL YSIS PROCEDURE 

Chung-Che CHOU I 曲d Chia-Ming UANG2 

SUMMARY 

Energy s釘ves 扭曲 altemative index 10 response qu朋tities like force or displacement to 
include the duration-related seismic damage effect A simplified pr阻edure similar to the 
response spectrum method h鉛 been developed ωestimate the energy absorbed io each mode 
from 間ergy spec省丸 曲d 趾曲tnbution of the energy along the frame height is cvaluated 
based 曲曲e energy shapes es帥lished by a non-linear moda1 p阻.hover analysis. A c臨
study of moment frames subjected 旬 V血。us ground motions sho晒 that (1) the prl呵呵甜d

P'個吋ure which includes the higher mode effects c血而趟。n曲.Iy pr吋叫 the t。但1 energy and 
the energy d凶tribution in a structure, (2) the majority of the seismic energy is contributed by 
the first mode 間伊帥， and (3) thes扭曲d-mode en叮叮 n間ds 10 be considered to predict the 
damage in the upp釘 stones

E伊呵，曲 Energy. moda柄，sho開r analysis, energy shape, mo冊ntfram目

INTRODUCfION 

Study on the energy demand in a single-degree-of-freedom (SDOF) system is abun也nt， but study on the energy 
dem胡d in multis岫yfr當n間的 limited Lawson et al. (19句句 show甜 that the hyster由c energy demand in a 
structure cannot be pred叫ed by a static pushover 街l3lysis. Fajfar and GaiperSíé (1 996) showed that the 

hysteretic energy demand in a multi-degree-of-freedom (MDOF) sy恥m 回nnotbe 軒.1回ted reliably from 血
呵uivalent SDOF system; the research闊前阻buted the problem to the higher mode e臨ct. This effect a1so 
made it difficult to predict the 間的'gy distribution a10ng 恥 height of building stru由閱 (Senevira岫甜d
k晶wi咄加 1997， Shen and Akbas 1999). A recent study by Chopra and G個1(2001) showed that the s岫y
a曲 .10啤 the building height c血 be 閏timated if more than one 呵uivalent SDOF systems are considered 

τbepu吵。se of也is study (Chou 曲d Uang 2003) 的 to present a procedure 也越且n be used to predict the seismic 
energy demand 刮目ch f100r of an 骨。OF 可stem without performing a nonlin阻r tîme-history analysis 甘W

procedure r呵urr閏 a static pushover analysÎs of an MDOF system to determine the m咽aI yield force and 
曲曲Iity factor of 問呵uivalent SDOF system for 割he first few (且.y， two) m剖CS. After the ductility i5 
個emrin國 for each m剖e，也een叮叮申ectrum 國nbe 且“ ωdetennine the ∞ntribution of 國ch mode 而e
曲棚1>cd 四ergy of 自由 m剖e is then d凶，tribut吋 along the frame height bas甜 on the specific en叮叮 shape~
tstablished from the pushover ana1ysis. A case s個dy is presented to verify the 血α血叮 of the proposed 
間thod

s岫凶餌t Pro}恤01; Ihparlmtrll 01山".啥叫~ril1g. Noti.翩。1由岫屁咚 Univen旬，如叫械 Tørwø吼叫吋chchou伽oil. nctu. f'，曲.. 

n可恥"。κ 0.，戶耐糊酬 t OfStrIlC1IDuf E，啥 71111' 略 u. 峨-，fity ofCalifornlo, 50n Dillgo, La JoIlø. CA. t.moll: cmU@Uc.fd 帥，
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APRELII帽INARY PARAMETRlC STUDY ON ASE路M1C CAPACITY 
OF TRADITIONAL SCHOOL CLASSROOM BUILD酬GS

Shang-HsÎen Hsæ呵， Pîn-Pin TENG2， 且dH扭曲-αleng WANGl 

SUMMARY 

西e aselSnuC 且開city of sch∞I cI且sr，∞m buìldings may be înfluen回d by many of也e buildi嗯's
arcrutec阻ra\ ar凶刮目ctura\ c旭且cteristi晶， 扭曲 甜甜'etlgth of materials used. story height, siz間
。fbeams and ∞luDU\S， nwnber of stori間， nwnber of cl揖srooD\S per stOl)', etc 冒血 paper固自 t。
parameteri扭曲目;e characteristi自 în the m“1eling of sch曲1I cl品sr明m buildings 阻d studi自由間
înfluen醋。n the 甜甜nuc個個αty ofsch∞I c1assroom buildings. The fOC\路。fthis re且arch ison 
the 酋3diti。抽1 elementary 血d high soh∞1 classroom buildings în Taiwan A fr誼nework is 
developed fi間 ω ∞晒truct a 1arge 且se basc 回岫mmg a5elSnuC 且開Clty e血mauon r自ults of 
various numerically simulat吋 soh∞1 buildir苟且scs. Then, the large amounts of血ta în the 阻se
b甜甜 analyzed to study the în.fluen醋。f 甜甜吋脾.rameters on the aseismic 間開口ty of 
甘甜itÎona! sch∞I cI甜sr曲m buildings 

K伊峙，曲 Parame耐C Sllldy; AseismÎC臼戶αIy; TraditionaJ school cJassroom buildings. 

1. INTRODUCTION 

The structural safety of a sch∞I cla甜開m buildi啤 is important hecause the building 田阻lIy serv.晶晶 a

tempora可由elter whcn a 甜vere natural di滋iSter 也帥IS. After the 1999αlÎ-Chi 曲闡明uake ∞Uapsed many 
school classroom buildings în the 間甜甜 T也wan， th，研抽s heen a great ∞n臼m on the aseismic 曲開ciÜ回 ofall
sch∞I classr.∞m buildings în the ∞untry. Therefore, severa1 researchers 旭ve sm阻四nduct甜甜me 伊.rametric
缸凶lysis on aseÎsmic 曲pacity of sch∞1 buildings. For e且mple， Li et al. (2田2) învestigated the înfluen目s of 
number of 鈍。n峙， numher of 串“尬， 位叫“location of sh目r walls on 血e aseismic capacity of sch∞1 buildings 
叮叮 peñonned detailed aseismic 且pacity assessment on th虹ty two-dîmensi。曲1 n山nen且lbt且世ing m咽els
甘lC r回叫尬。f the study show 血a1， for buîldings with the 組me SlZ<浴 缸訟 reinforcem阻，t of beams and ∞lu血血，
也e more stori闊前叩位lS th可 ha珊， 曲， 1目s their aseismic 曲IpaCIU間 are 甘lC deCT回晶。f a building's a且ISnuC
臼pacity was found to be about 15%-25% whenever one more story is added to the buîlding. In addition, Liu and 
Chiu (2曲2) eval圓ted 血ea聽暉ruc 阻pacÎty of sixteen sch∞1 buîlding m吋els usîng the static push-over m咄咄
訂閱 r間ults of their study show that the reinfo時間間It ratio of∞Ilumns is better betw間n 2'也祖d 2.5% for good. 
aseismic 臼戶口ty of school buîldings ar咽 the 中acing of the tran肺erse 到坦問IpS is bener 1自S 晶晶 15cmτh
m且uen.曲s of ∞nc潤甜甜開眼h and number of stori目。n 血e aseismic 且pacity of sch∞I buit副ngs were al扭
曲died. The results show thal the aseismic 且pacity of a sch個Ibt且lding may vary up to 15% for研ery 70kghαd 
mcrea晶。r decrea且 of the ∞ncrcte 血ength.而ed=血。f a building's a扭扭uc 曲伊city was found to be 
about 30%wh間ever one more story Îs added to the b凶lding.

To inv目tlgate 也.e factors of inßl閻明。n the 甜甜nuc 間開city of 個ditional elementary 曲d high sch∞I 
C扭曲曲m buildings în Taiwan , this res且rCIl c旭血αenz晶血聽到e-din時間的目1 sch曲11 classroom buîlding m咽els
with a 咽。f 阻hit甜甜甜帥咽.ral paramet間The parameters include number of 鈍。n間， n咽lber of 
cJassrooms per story, material 曲回gth of concr甜甜d steel , story height, sizes and locatio血。f 扭曲lS and 

:pmhsoRZWH嘲酬ofCivilEngi"e.ring, No即制制WQn UniVCrl旬 Tω戶;)個口加叫 e-mail: shhsle.唔恤岫帥神
; PADhdmrihFHmMWWIhmM"Z NMmna巾.iwan Univcr1/1似加戶，胸口且iWQn， ..間i/:b間，咱CiUce.net
品岫ate Stwd，叫.D•. 戶嘲酬。ifCivll Engi~.rlng. National TøiWQn Uniwrl句 Tai戶jJ船民 T.岫伐 e-mail:king@c耐 e.net
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FULL-SCALE TEST ON THREE-STORY STEEL MOMENT FRAME 
FOR ASSESSMENT OF SEISMIC PERFORMANCE 

IN VERY LARGE DEFORMATION RANGE 

Tomobiro Matsumiyal
, Oawei Liu2

, Masayosbi Nak晶bima3， and Keiicbiro Suita4 

SUMMARY 

Tbis paper 的 a progress report oftbe full-scale test on a tbree咽。旬，棚。 sp血 by one-span steel 
moment frame. Tbe test was conducted to cbaracterize tbe cyclìc bebavìor of steel moment 
fram目 b叮ond tbe defonnatiOD ranges coosìdered io tbe contemporary seismic d間19D， to examtne 
tbe correlation betweeo the local damage aod global bebavior, to reeval岫te tbe ∞mposlte actton 
between steel beams aod RC floor slabs，個d to iovestigate tbe effects of exterior fioisbes 00 tbe 
structural behavior. Tbe paper introduces d間gn of tbe test structure, loading program, 
measuring scbemes, and test r回 lltS. Altbougb detailed data proc閻明g and a咽lyses are still 
underw呵" tbe followiog observations are ootable. Balaoc吋 defonnatioos betweeo tbe beams, 
columns, and column bases (J間marily due to yielding of tbe ancbor bolts) mitigated the beam 
plastìc rotations ratber significantly. Pincbing behavior was observed for 叮clic loading witb 
larger amplitudes (up to 1/25 in tbe overall drift 曲gle) primarily b軒ause of cyclic yielding and 
resulting slip-type bysteresis experieoced at tbe column bases. Tbe degree of cωnposite action 
changed in accordance witb tbe defonnatioo amplitude; iocreases in streogtb became less ootable 
(me岫ng that tbe composite effect decreas吋) for larger defonnatioD amplitudes. Tbe effect of 
ALCp也nels (used for exterior finisbes) 00 the s信uctural bebavior was nearly null, wbìcb indìcates 
that tbe attacbment details adopted for ios個llatioo of ALC panels were satisfactory 

Key帥，申 steel; moment間叫ngframe;fu/l-sca/e test;failure; composite acti帥; bui/ding. 

lNTRODUCTlON 

‘ 'Perfonnance-based engineering" bas become a standard norm for researcb, development, and pmctice of 
eartbquake engioeeriog particularly aft叮 tbe 1994 U.S. Northridge and 1995 日yogoken-Nanbu (Kobe) 
eartbquakes (for e旭mple ， Perfonnance 1995; Recommended 20間 NEHRP 2冊。 Notificarion 2000; 
Midorikawa et al 2000). Relevant tbemes of cballeoges range from tbe cbaracterization of stroog motions and 
tbeir e叮凹的 on the structural r，目ponse， q咀orificatioo of multiple levels of perfonnance as搭配iated witb tbe 
funcrionality, damage, and safety limit states, examinatioos ioto 也e IOter還crion of various nonstructural 
compo阻帥 aod building coote岫w1tb building performance, among many otbers. To verify individual 
researcb findings 血d assure tbe expected perfonnance of innovative developments aod pmctìc曲， real da徊
。btained from “ observations" aod “expenm開ts" are essenrial. Tbey are mther di f1icult 10 acqu帥， bowever, 

A large eartbquake event occurs ve可 scarcely， wbÎcb makes it difficult to monitor or measure tbe real beha叭"
。f structures at sucb an event. Building structures are massive; bence it is difficult to fabricate and load tbese 
su、lctures io tbe laOOmt。旬， wh釘'Cas mlDlature m吋els are 岫own t。函 il to duplicate the prototype bebavìor 
because of lack of simìlitude. Considering tbese circumstanc間， tbe writers conducted a comprehensive 
experimental project in wbicb a full-scale , tbree-sto可 steel building frame was loaded q岫s;叫“i個lIy to failure 

Graduate Student. KJ戶個恤I I'/1/'S，咿吵鬧i1. 馴服mi)也甘甜mbox.media恥ro-u.acjp
2 Po.<t-Doctaral Fe l/a ... 也Di.旭<fer Pr仇>enJian Research bt耐叫'e， KyotQ U71i閉'Jity， f!;岫i1: /，他@材e.tl. moox.m帥a 悔。to-u. ac.jp
3 Profi甜'CJr， Disa.fter Prl!llennQn Research ln.<帥，也 K判。恤闇'rsity， e耐心去叫咐，耐@archi，相100u. 0ι;}p
4 Ã.uMote Profe.uar Di.fCJ.<ter Pr，帥"也onRt也eo.rchll則的叫'e， KJ戶加U71iveni椒 e-mai/ 叫徊@<Ud<峙叫。 U.tlCJP

117一



The ~ Seminar on Earthquake Engineering 

for Buifding structures (SEEBUS 2003) 

October 17 and 18, 2003 

Kyoto, Japan 

DEVELOPEMENT OF EARTHQUAKE-RESISTANT WELD-FREE STEEL 

BUILDING STRUCTURES WITH MECHANICAL JOINTS 

Keiicbiro SUITA 1, K且uo INOUE2
, Praween CHUSIL阱，血dFengZHOlt

SUMMARY 

This paper pr它也ents a new steel building system, named ‘weld-fr間. sys包m. developedωovercome the 
quality assurance problem en∞untered in construction of 臨el moment r自isting fra紅leS with 
曲n，回tional welded ∞IUlections. Tbe weld. free sy臨m adopts mecb個1叫 joints as beam-to ∞l叩m
∞nnecttons 曲d 曲lizes innov曲"∞lunm base connections. In this system. b目m-to-eolumn

oon甜甜ons are 呵uipped with buckling-res個ined braces whose mech曲ical behavior h街恤回 verified
by previous experin鴛ntal studies. Major findings obtained from those studies 位官 revîewed in th也 P叩".
Next, experi叩開.tal veri位cation of也e newly prop曲ed colunm base 曲nnections is presented. The cyclic 
tests were oonducted on five full-scale models of fo凶Klation b目m-∞ lunm subassemblies wi曲曲e
innovative colunm base oonnec包ons and one baseline specimen with the conventional base plate 
∞nn'曲個The test results revealed large and stable hysteresis loops of the proposed sy民""間d

verified the validity of the presented stiffness and strength prediction meth吋Is. Final1y, an overview of 
the on-going full-s且le tests of a weld 金回"揖1 building is describedωdemonstrate the real application 
ofthe weld-free sy民""

K句rwortb : Steel !rame.f; earthquake re.fi.ftant .ftructu間.. bolted connectio肘.. knee bra自訂 hysteretic

damper.ι column base; 句句r:lic tests 

INTRODUcnON 

h 個闊前uction of low- 切 medium-risεbuildings in Japan, steel moment間，血'.告個個。咀F，)帥 conunonly

吋opted with beams welded ωcolu叮"，，，nd ∞l凶茵茵回nn"todωreinforced ∞nα.ete fO\m也tion beams through 
base pla岫 and ancbor OOlts. During the 1995 Hyogoken-Nanbu 聞此岫uake， severaJ. buildings experi扭曲d

cracks and brittle fractur四 at welded beam-to-eolumn connections, and not a few buildings sustained fractures at 
anchor bolts (Reconnai.uan白宮 1995). The damage wa追 also ob恨rved in some relatively new buildings d開igned
凶 accordan回 with Jap曲'"訟的""0 曲des. After the 叮叮n仗， mod鼠目tions of welded beam-to-∞lumn 
connection details have been sugg醋。d to mitigate 鈍飽扭曲no曲回抽血 (Tec伽ical 1996). AI伽ugh the 
modified COIUlectionS have shown sa包sfactory performance in the laOOratory, it is l'個lized that the q咽lity of 
welds is diflicultωcontrol in pra曲扭曲 long as the 甜uct.. 這1 fabri且tion reti的 on workmanship. The d的ects as 
well 間"''"飽cient deposition are often of個n目m regardless of the 曲lUlection details ad叩，ted. Besides, the 
PO'也Kobe Japanese practi臼 generally requires larger volume of weld, implying that the ∞nn"岫ms become 
more relevant ωth'q咽Iity ass阻四個 problem. As a response to the damage observed at ∞l回"， ba認乳白e

design p抽血d.. 電 for 001田m base plate ∞m巴山叩s has been revised. However, the key conn前tion details 甜11
remam 凶器hanged d臼pite shortcomings inheretlt in this type of conn軒tion， inc1uding severely pinched 
hysteresis behavior ar吼叫“eptibilityωfracture at 扭曲。.bol包

To overcome the di伍culty in the weld quality ass叮當lCe as wel1 的切 enhance the seismic perfonn扭扭。f
oolunm ba蛤包， a novel structural sy臨m， nam吋 'weld-fr間， syst位n. has been developed. Tbe configuration of 

A..<.<flCiuu Proj u.<or, Di.<<L<tu Pre咽tion h<eurcllln.<fÌ，叫他 K戶的 Univerû似 J，戶吭 ，翩成叫咱'"叫叫阿叫“JP
Proje.uor， D軒lT"I_ntofA叫 ilecture und A.rcllltecÞJrul Sy.fle"，賦 K卵10 Unive~iIy. Jupun. ~ 叫1: Ì/lou.唔urcllH.戶的叫叫P

Po.<伽Ulrol FeJlo鳩 Di<<L<U"PI叩開'onRL<e.叫 ln.ftitule. 恥。 Univer.<i似 J，.帥 ，叫1: p叫開動叫mbox.mediu.恥的且也lP
G，"伽 ute S，，/{J~t. Depunm酬 ofAI也hitectu，戰 Kyow Univmrity. J，肺憫 。 muil: z枷:@.fteel. mllox. mtdiω恥r叫做P
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SEISMIC BEHAVIOR OF STEEL BEAM AND REINFORCED CONCRETE 

COLUMN CONNECTIONS 

Chin-TWlg CHENGI 個d Cheng-Chih CHEN2 

SUMMARY 

甘lÎS research aims to inve由伊te 心e seismic be旭啊。r of 刮目1 beam ωRC ∞l山m ∞nne<訕。由
with 血.d without fl∞r slab, acting 晶 apr田f test for 甘æd自ign of a thr揖:-stOI}'曲Z間也ay
reinfi。當地 concrete ∞lumn 胡d 刮目1 beam (RCS) in-pl祖e frame at the NæER, Taiwan test.甜 m
the y且r of2的2 by the intemational resear曲曲耳>oration betw臨別 Taiwan and USA. Based on 
the design of this RCS frar間， gX “ cross shape" RCS joint 阻b 描semblages were construct吋缸Id
tested. Parameters such as ∞mposite effiα:t of slab and beam, st盯可s in the panel 四n巴， effeα 
of cross beam, I曲ding proto<刀1 and ana1yti且J model for the shear 回nsfer in panel zone were 
investigated in 血1S study. 

Kξ，...."曲 beam-co/umn connections; composite beam. 肺ear transfor. 

INTRODUCTION 

Reinforced concrete colunms and st自1 beams fonn together to resist seismic loading 缸1: refelf吋甜 the RCS 
moment frame systems. Using RC 扭曲er 自甜甜uctura1 steel ∞lumns 回n resu1t in material cost 帥vmgs，

increased structw'al damping and lateral 咽面臨s of 位lC buildi時 To date, RCS ∞m目Uoos 曲nbe
charncterized as two main且tegories : beam through type祖d∞lunm through type. Based on üteratuJ間， beams 
continuously passing through column 個ncl zone (beam through type) behaved in a ductile manner 山tder seismic 
l曲曲g; however, orthogonal moment conn回ion in the 但nel zone may be laOOr intcnsive 臼Iwno 血rough
type using diaphragms or ∞ver plat，臼 to cOlm回到自1 beams and colwnn wa11 may facîlitate field ∞阻恤ction，

h刺骨前" e油'3 effort în ∞nnection details to ensure a better scismic 曲pacity în tenns of甜ength 個dduc世ity 且S
n自ded

Sin，自 1989， research品。n RCS composite system have becn started by Oeierleîn et a1. (1 989), and Sheikh et al 
(1989) în Texas Univers旬" where 15 beam-thro也阱-type connections without slab we間 lested . Two failure 
modes WIεre d.istinguish吋 such as panel zone yieJ.也可缸Kl bearing failure of ∞lunm con口ete due 10 可clic
1個ding from beams as shown in Figure 1. In 1993, Konno (1993) lested a series of RCS connections without 
slab. Re!間rch par誼neters included hoop de恤Is in panel 甜甜， 由lumn 血a\ 10咀血d bearing 甜間gth of 
∞ncrete. Test results show吋 that seism眩目pacity of RCS systems is not less 曲曲 RC or St間l 甜uctw四
Since 1997 ， ∞rporations for research on RCS ∞阻truction sy自m岫ve been conducted in US and Japan such as 
Baba and NishimW'a. (2000), Kim and Noguchi (1997), Nishiyama et a1. (1 99η， Parra-Montesin，曲 and Wight 
(2帥0)， and Bugeja el al. (20曲}

To study the ∞mposite effect of slab and 51自I beam on the moment connections, yu et a1. (2000) have tested 
several ∞mposite st甜 b國ms 10 stccl colwnn or SRC ∞lumn connections. Te油 E間晶晶。wed 曲t ∞mposite
effect varied with types of connectioll, dîstribution of sh回r stud, Ooor thickn自S 血damo凹ú ofRC st且1 in slab 
In general, shallαw beam d叩，th used în low-to-ßÙd-rise building ten由他 have 旭rger 曲mposite cffect 
Morl閻明r， test results also rev回l吋位13t slab providcd 叩pport for the b曲mfl血ge to pr前ent lat'創世 torsional

;AS甜甜 P吋ëuor， Nalional Kaolhi呵恥t UnillU呻你ence and Techno 叩狗叫 e.mail:c何蜥蜴ccml. n.輛“咱N
Auociate profollOr. National ChiaoTung Uni附'11.軌制開凡 Email:chrische 唔，叫叫..edu.tw
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Seismic Design of Buckling-Restrained Braces 

Using Energy-Balance COD四pt

Jinkoo Kim 1 and Hyunhoon Choi2 

SUMMARY 

Kyoto, Jat抽n

A simplified seismic design procedure for frames with buckling-restrained braces (BRB) was proposed based 

on the energy balance concept and the equal energy 臨umption. The input seismic energy was estimated from 

a design spectrum, and the elastic and hysteretic energy were computed from energy balance concept. The s自ze

of braces was detennined so that the hysteretic energy demand is equal to the hysteretic energy dissipated by 

the BRB. According to analysis results, the maximum displacements of 3-story s和ucture designed in 

accordance with the proposed procedure generally coincide well with target displaceqlents. However the 

maximum displacements ofthe 8-sto可 structures tumed out to be on the conservative side 

Keywords : seismic dl呵ign， hysteretic energy demand, buckJing restrained brac甜 energy-balance con自1pt，

equaJ energy ωncept 

INTRODUCTION 

An energy-b晶ed seismic design method, which utilizes hysteretic energy of a structure 自 a main design 

parameter, is now considered as a potential altemative to the conventional strength-based seismic design 

method. The meth甜的 considered to be more advanced in that the accumulation of earthquake-induced 

damage can be taken into account in the design procedure 

In this study a simplified seismic design procedure for steel frames with buckling-restrained braces w晶

developed based on the energy balance concept, which provides seismic input energy from a design spectrum 

Leelataviwat et. al. [6] proposed a seismic design method for moment-resisting framed structures based on the 

間ergy balance concept. As the design procedure utilizes the equivalent single degree of freedom (SDOF) 

system to estimate the input and the hysteretic energy demands, the seismic energy demands obtained in 

multi-st。可 structures with BRB were comp缸-ed with those of corresponding equivalent SDOF structures 

1 Assistant Prof., Department ofarchitecturaJ engineering, Sungkyunkwan University, Suwon, Korea 
2 DoctoraJ studentτDepartment of architecturaJ engÎneerÎng, Sungkyunkw曲 University， Suwon, Korea 
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PERFORMANCE-BASED DESIGN FOR TRUSS-FRAME STRUCTURES 

USING ENERGY DISSIPATION DEVICES 

Toru TAKEUCHI' and K.azuaki SUZUKJl 

SUMMARV 

Truss frame genera l1y had to be designed elastica l1y even against large se時m ic force, because of 
fragile characteristics led by member buckling. 10 this paper, damage tolerant design for truss frame 
structures using eoergy di鈍ipation members io critical positions 紅e discus晶d. Detailed designs for 
high-rise rack warehouse are studied，問d simple method for evaluating 也e effect of these members is 
proposed 

Keywords: SEEBUS; earlhquake engineeri唔，何ss structu間 performance- b甜甜 design; vibration 
control: hyste月tic damper. 

INTRODUcrlON 

In seismic area, plastic design with moment frames have been popular for long time. with the concept of ductile 
characteristics led by plastic-hinges on bending beam ends. 00 the other hand, truss frame structures, popularly 
used for long-span roofs or industrial faciliti間. had 10 be designed elastically against design loads, because of less 
ductile characteristics due to the axial member's buckling. However, designing truss structures el目ticallyagainst

large earthquake is not econom悶， not elegant in design, and remaining risks for fragile collapse in the event of 
seismic level exceeding the design criteria 
Recentiy, passively cootrolled buildings have become popular in Jap曲，個d various types of passive energy dissipa
tion devices are put in practical use. Many of them are inco巾。rated within moment frames , achieving damage 
tolerant design, which ke叩s main structures in elastic even with great earthquake. The same concept c血 be applied 
for truss frame structures by incorporate energy dissipation members in critical positions, pl閏ticize them firstly 
while other truss members are kept before buckling, and control entire structure ductile (Fig.l). This design conc叩t
will enable truss frame structures to be slender. elegant, economic aod safe from buckling even in heavy seismic 
areas 
ln this paper. above design concept is applied to pract ical design of high-rise automatic rack warehouse, using 
hysteretic energy-dissipation members, introducing their details and effects 

STRUcrURAL DESIGN OF RACK WAREHOUSE 

The high-rise automatic rack warehouse are composed of S2m high, 5 lines of 1.3m-2.6m wide trussed structures 
connecled each other at their top by horizontal beams (F ig.2). Each line of truss聞 自s independent between the 
ground level and the top to keep spaces for vertical cran間. the 自pect ratios of間ch set of trusses reaches 20 to 40 
As diagonal braces stiffen thc frames in longitudinal direction, this transverse direction is critical in strength and 
def1ectio間 Walls are attached on the side trusses and roofs are 00 top beams, the rack structure itself composes the 

I A.uøciQfl!! 170舟，叫 T呻I(l//Utilull!! oJTl!!Chnoløgy, J，腳n. l!!-mQI/. 加~祉，也h. lill!!Ch.ac.jp
I ManQgI!!r. N.φ'pan Slul CarparolÎan, J，中佩 I!!-mQU.間岫岫uakiJ@I!!ng./Uc.cojp 
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OVERVIEW OF THE 2003 ZEMMOURI ALGERlA EARTHQUAKE 

U.kim BECHTOULA I .od Hassaot OUSALEM1 

SVMMARY 

Followìng 血.M叮 21 "\ 2柚3 bìg 祖抽quake a t目:hnical sUfVey camp割gn was launched from the second 血'y to 
甜甜 damag自個d loss自間。，d"ωhe1p public powerωmake decisio田間dωtake urgent measures. N間'ly
one thousand engine間 participated in this campaign conc問他rated generally around the most darnaged areas at 
Algiers and Boumerders prefe的.lrtS. As a first step, the authors canied out a sta岫tÎca1 個.alys is of the collected 
data, which showed that reinforced concrete frame bui1dings were the most damaged CI自:gory. Apartment 
buildìngs w.你@刮目 the faci1 ity 臥at suffer咽 a 1arge damage compaI吋 ω o<he昀 S旭凶虹ca1 阻alysis of h咽w>
losses and 圓圓al ti閏 was als。因m呵。>ut lt was found that female 自.tegory and y叫th w .. 毒也em由t affecωd 
durin皂白 is catastrophe. ln order 10 give 眩目'C details a出ut the type of 血唔唔吋 buildings and 血edi作"回t
causes that led to 扭曲 calami吟， a recent small-urbaniz甜甜ne of 8fOund 4km' I田a切d in A1gic:rs prefecture was 
invesLigated ìn detai1 by the authors. Aωtal of 725 bui1dings were eval岫ted. Analysis of the col1ected 血ta
， 1田owed that damage was randomly dis個bu'吋 on the ar祖This r，田ult would s臨時th叩 the 自sumpt.l。肘。fp曲f
materials qualìty and lack of good detai1s and d間gn， as 時gM也 '0 。由er ass山nptio間， for 阻tan扭曲i1
ωnditÎons eff戶開t Reìnforced concrete co阻tructlons w缸'C the most aff自ted amon頃 。由er types where aoout 18% 
。f"阻tructions suffered moderateω heavy damage. Oata analysìs showed that the 立國t affecr.ed 曲目，，，，，u個S
聞自。se in the range from 5 10 6 stories whìle 四咽tructions with one slOry did not sutTer any damage. Typica1 
observed damag'自 were， mam旬， due 10 poor longitudinal 阻dlo，固自喃自a1 reinfo閃開1ent m 由e ∞1um血， very 
poorconc聞eq叫呵， 1ack ofsh咽 reinforcement at beam-co1ußUl joint，甜食胸ry， pounding and al晶晶，nnation
of short colußUlS 

Keywords: earthquake, ground mot;o吭 F叫forced concreie, technico/捕，四化血mage副S甜m酬

INTRODVCTION 

On May 21"\ 凹的， at 19:45 1目叫t.lme， a 留問油 earthquake with a magnitude of 6.8 hit the northem-center p咽
。f Algeria, where the epicent前 was 10cated in the Meditemmean Sea, seven ki10meters north of Zenunouri c呵，
阻d 60 kilometers East of the 臼pita1 A1giers. The main shock was fo l1owed by severe tremors with high 
m曙nitudes. The main sh自k 位ld aftershocks induc甜甜VCf'C damages and disturb甜甜dlor disrupled 由eb且1th
'eN時筒， school building露， some ro<曲， wa岫 supply lines, electricity, and telecommunic曲。咱 in the region. The 
worsl affected prefectures are Bownerd問問d Algiers. The most dam咕吋 cities include Bo山m吋師， Zenunouri, 
Thenia, Bordj-menail , Beloui7.dad, Bo吋Ij-el-bahri ， Rouiba, and Reghaia. Other neighboring regionsωAlgiers 
and Boumerdes, like lhe prefectures of Tiz.i-ouzou, B個ira， Bti曲， Tipa扭曲d Cblefw位e a1so affected by 由e
enonnity of 也e 且抽quake， however, the ca1astrophe and 血mage 1軒el were far below 曲。se of A1gi曲 and
Bownerdes. Official1y , 2278 pe聞目 di祉. 11450 hwnan casualties, more than 1 80 似)() home1ess , 10280 
col1ap路d ，。田間ctio由缸><i US$SαlO.OOO 似沁臼 a r.刮目間也扭曲 。 fd irec: t e曲nomical loss 

;mamn騙他伽的岫M句。叫酬叫削間<lndA.l"C'hi叫恥，叫叫m祉，叫叫吋
Ph.D. C'<lndIOOlt. Thl!! Un間'r.fjty ofT"*.戶. DefXU1l111!!nt of A.圳'<<f111'1!!， 且4α.... 唔u/.lI-tf/kyt>. txJp
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DAMAGE OF WOODEN HOUSES IN NORTHERN MIY AGI, JAPAN, 
EARTHQUAKESOF JULY26,2003 

Yasuhiro HAYASHII, Hidemaru SHIMIZU1, 8nd Yoshiyuki SUZUKP 

SUMMARY 

Thi泊， P'叩'"釘r 間p戶。呵"巾s the re間電闇g釗叫u叫l恤t包， 0'叫"n盯v臼叫"g伊且t削tio。叩nonthew。曲。d悔e帕n hou惱泊e damage during the N。叩rtb加emMi明，.g斟' .

Japa訓n. ，缸曲q啦u.垃k，臼，. F趴''''穹'St， ear甘曲'.中u.位keob認rvahon 間c叩。吋"間 s釗u=

t曲h，叭topp1ing rat ios or disp1acement of tombstones to be more 曲曲，.個11$ in the area. where 曲e wooden house 

suffered serious damage. Then , from 也e simplified surveys of damage ， 成 isdem。問 lrated 也at the ratio of one. 
Sfory houses is much 1arger than that oftwo.story houses. This damage tendency is ana1yzed and exp1ained by 
usmg回 equivalent linear SDOF system. Finally, four bouses, which have one stof)' and were built 1曲 years or 
more ago, are compared in seÎsmÎc perf，間unce ba叫個師 response limit strength de飢gnm咄咄
Keywørds : Northem M抄田Igi earthq ll.akes. lraditional 峙。detl hou.ses. p咽旬'rQlI.nd veloα1)'. damage 

INTRODUCTION 

A 前ries of s佇。ng earthquakes occurr電d three times in the Miyagi PrefC(Cture, nor曲em Japan, on July 26 , 2003 as show冒
in Fig. 1 andinTable 1. Thesesballowinl血d"由quakes ' ) 1ft called as 曲eMiyagi Nor白白羽個抽qual::es. The main sbock of 

the earthqual::es Î5 occurred at 7 日 AMwithmωgnitude M6.2. The epicenter is Joc叫“ at 1atitude N38.402, Jongitude EI41.175, 
with foca l depth 12km. The foreshock and the biggest aftershock were occurred at 0: 13 and 16:56 in the same day, respectively. 
Very high JMA (J叩an Meteorologica1 Agency) întensity ofmore than 6. at many stations during three earthquakes 祖d

thousands ofbuildings are sever夸Jy damaged. EspeciaJJy, these 聞rthquakes caused collapse ofmωyw∞den houses. This paper 

reports ollr investigarion on the wooden house damage in the most heaviJy damaged area 

TabJe I Parameters ofthe JuJy 詞.2帥J No的 em Miyagi Eanhq圓k"

Date 叩開 Locaü個3 Depth Magnitude 
Max JMA 

1ßtenSltv 
26.Jul.03 13:08.3 38 .432 N 14 1.1 68 E I2km M5.5 6-
27. JlIl-03 13:3 1.5 38 .402 N 14 1.175 E I2km M6 .2 6+ 
28.J lI l.03 56:44.5 38 .497 N 14 1.1 93 E I2km M5 .3 6 

EAR咽。UA阻 OBSERVATION RECORD 

The strong.motion netWor)(s>甸 甸曲e NIED (NationaJ Research lnstinlle for Eanh ScÎence, and Disaster Prevention, 
Japan), NILlM (N訕。nallnstitute for Land Infrastructure Management), JMA and 1的訓。何ices in thÎs area are deployed very 
denseJy and a lot of gr.叩nd motion recordings are observed. Many re沌。rds 1ft obtaioed by the 10ca1 town offices. But, only the 
JMA seismic intensity and peak ground acceleration were printed 01,11, and unfortunately, most of these digital data are Josl 
because of ove lWrÎting by many afte悶hockda旭The NILlM pubJished lists ofthe peak gr。岫d acceleration values and SI values 

''''~巳 Prof.. Diu.f~r pn棚fion Rn~.rçh lnstit"t~. J(沙.oto Universiry, Dr. Eng. J.p.n . .m. j/: h •. 凹IhiSz~isei.dp吋 k"，ω-，u句P

' COE &u.reh~r. Dil..~r Pn!V<!ntn:Jn lùuareh lnstit ，，~. K'戶ω Univ~月，似Dr. Eng. J.pan e.m. jJ: hidem.ru@ui.ei. dp，.; 郎。to-u.a".)p

'Prof.吋Di...~r Pnwn川職n H~~.reh Inltit，，~. Kyoω Univ~rsity. Dr. Eng. J.pan eγJl.iI: .uzuk括heil~j.dpri.~ow .u. .c.jp
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SEISMIC PERFORMANCE OF PRECAST COLUMN-FOUNDATION CONNECTION 
ASSEMBLED BY POST-TENSIONING 

Minehiro Nishiyama-I and Fumio Watanabe-2 

SUMMARY 

In order to deve lop design recommendations for column-foundation connection assembled by 

post-t開訓 oning in se的mic regions. cyclic loading I目IS were carried out on 14 test uni lS simulatìng 

such kind of conneclions under earthquake loading . The tests were consisled of lwo series 
Series A was mainly for comparison between precast reinforced and pre個別 pr目tressed concrete 

col umn-foundation conneclio肘， and Series B for investigating differences between test units with 

grouted and ungrouted tendons. The main experimental parameter other Ihan the above was an 

axialload level 

INTRODUCTION 

Post-tensioned prec品 t construction has been gelting popular in Japan because of the following advantages 

。>ver conventional cast-in-situ construction: 1) E醋'"合適ming and less concrete casting at construction sites 
2) Shear transfer at the interface between members which are connected 時間si ly achieved by friction due to 

prestressing force. 3) Full deplh crack opening at the beam-col umn interface under cyclic loading at a large 
inel倡“c defonnation, which may result in pinched hysteresis curves, is suppressed by prestress. 4) Pennanent 

displacement after major earthquakes is smaller than that for 0吋inary reinforced concrete 

One type of the post-tensioned cOlUlections 阻ed in practice is a column-foundalion conn缸tion . Ordinary precast 

reinforced 凹ncrete system is also often used. In Japan non-prestressed p間目st columns arc more popular than 

preslressed ones. However, from the viewpoint of construction and restriction of construction time, there is a 
case that prec晶t prestressed concrele system may be a better solution 

In Japan use of unbonded tendons for primary se凹ßlC res的tant members like girders, co\umns and struc叫.. 1

wa l1s had been prohibited. This year the code has been revised and now unbonded lendons can be used for 

"nJαural members if a kind of displacemenl-based d自 ign different from the currently used allowable stress 
b晶ed design is utilized, and some measur睛 is taken against lendon fracture: protection for girders from falling 
down 

In this paper, two series of\oading t目的 are reported. One is Series A in which dual-phase composite preslressing 

"/ A,uociate p，叫(e$$QI; Ur缸 1& Environmental Engineering. KyoIo Univer$i研 Japan， e 間i1: m時!Jan:hi.妙。lo-U.Mjp

.2 p，叫(e，uQl; Archilecture & Ar訓ÎleCIUfal砂':Jlems. KyolO Umver$i~院 Japan. e-mDil: nobe@tuch 妙'Qto-u. acjp
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Experimental Investigation of Concrete-Filled Carbon Tubes(CFCf) 

Subjected to Lateral Loads under Constant Axial Load 

'Hee-Cheul Kim ' ), Won-Kee Hong2
>, Suk-Han Yoon3

) 

Department o[ Architectural Engineering， 均lung Hee Universi紗" Yong前，

為IUngki-Do， 449-701, Korea 

ABSTRACf 

Concrete-filled 臼rboo tube(CFC1) without aoy reinforcing bars are tested to iovestigate 
the lateral capacity of columos. The full-scale circular and square CFCf with various 
wiodiog angle with respect 10 longitudinal axis of tube are subjected to lateral loads under 
∞nstaot axial load. The effect of thickness aod winding angle of carboo tube 00 the lateral 
behavior of ∞ocrete columos is studied experimeotallyτòe assumed ultimate moment 
個pacity of coofioed columns ∞mpared with test dataτòe stress-strain model proposed by 
the authors considers the inf1u閉目。f winding orientation of 臼rbon fibers 00 the ∞nfinin耳
目pability of ∞ncrete CQre 

Keywords: concrete-filled carbon tube(CFCη1， lateral capacity o[ CFCT, strength, 
filament winding, winding angle 

別TRODUCI10N

The concrete-filled 回rbon tube(CF口ì d自igned to replace or supplement ∞nventional 

reinforcing steel also provides m曲y advantages including outstanding confining 臼pability

and durability under seismic loadiogs. CFCf improv閏 momeot 目pacity by both its high 
tensile strength and increased compressive strength of∞nfined ∞ncrete ∞re. Coocrete 田間

的Associate Professor, kimhc@J帥u.ac.kr
2) A__'. . .._. n_." Assistant Professor 
3> Former Graduate student, Ph.D 
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D1SPLACElI-血NT BASED SEISMIC DESn可GAND ANALYTICAL RESPONSE 

EVALUATIONS OF A FULL-SCALE CFTIBRB COMPOSITE FRAME 

Ke咄h-ch抓泊翩n1百AJI ， YU岫M胡I←-晶oWENG2 缸M咀d Min旬n呵gL刑3

SUMMARY 

AT time of this writing, a full scale 3-story 3屯ay ∞ncrete filled steel tube (Cf"η ∞mposite 
bra信這:l frame h且 been ∞nstruet咽 in NCREE wi血 buckling 間包祖且甜 b..自s (BRBs) and 
sehed叫edtobet甜甜 in October 2曲3 甘'" full “這le CFTIBRB frame t甜 is part of 叩
intern曲onal ∞>llaboration betw自n r臨archers in Tai咽n 曲d 1卸 United States. Me;值四mg 12 
meters tall and 21 meters lor且 the frame is among 伽 I~甜甜宙間 岫ts of i值 type ever 
∞nducted 甘le frame is to be test吋唱ingthepse咽。有namic t時1 pro但dur四 apμying input 
gro凶ld motions from the 1999 Chi-Chi紅ld 1989 10ma Prieta 甜甜可曲曲， scaled to r可由enl

s研色~ 100/0, and 2% in 50 y閏rs seismic hazard levels 甘田開per d間crib間血e
di甲1.揖ment-based seismic design p阻闡ures adopted in the dcsign of thc 甜uctural members. A 
U挖:et story dr由 limit of 0.025 radian for the 2% in SO Y且rs hazard level govems 心e d眉ign
鈍聞單h of出e 企當ne. Nonlinear 缸lalys自山區回le 也atthere司:ÞORSe of individ回I BRB .memher 
且n be sati曲ctorily sim叫aled by 田mg b1晶 elements implement，吋 m 棚。“.fferent gl回er.ll
purpo鉛抽nlin，晶H祖祖n且anaIysis programs. Nonlinear dynamic a圓l抖扭扭曲目t that the 防:ak
story drift is likely to reach 0 由S radian after 叩plying the V:到 d間F 曲nhquake on the frame 
得:ÞeCÍmen. Analyti且1 results al扭曲目聞自al血ear祖ngement of 4, 3 and 3 a<曲..10罔聞:ch havi呵
呵o kN force 個pacity， might be n自治揖ary for曲 1st， 2nd 阻d3咱自∞r， re粵間11咽Iy. TheBRBs 
al the upper two 00。昀 are more vulnerable 也扭曲曲e in tbe first Ooor，甘lC fail山'c of moment 
∞nncx訕。間 is not likely to 田間r after the applying four 目nh你旭ke I曲d effect5. CFT 曲l凶nns

hinging at the base are exp叫祉， but 曲。uld not failas the rotationa1 demand is moderate 

Keywords: concrete filled tube, buckJing 間tralned brace. pseudo-dynamic te帥" displocement 
b四d seismic design, nonlin研 analysis

INTRODUCTlON 

四lJ'OUgh. intemational ∞lla岫阻tion between I臨ar曲間 in Taiw，且叫“也 United States. a full-sca1e 3-st。可
3個Y RC colwnn 缸喝風聞I beam RCS ∞mposlte moment 台arne has b自n tested in October of 2的2 in the 
struc阻r.Il la出ratory of Natio叫臼ntcrfor Res且rchon Ear曲q且ke Engineering (NCREE) in Taiwan in oct曲er
Z曲2 (Chen et al. 2∞3). ln the Y四r2曲3， a full -scale 3-story 3個Y CFT ∞lumn with the buckling 闖紅3ined
b .. "叫∞mp<間te fuune (CFT旭RB叮咚阻imen has b間n 曲回tructed and sched叫咱 to be t甜甜 in October in a 
similar manner. The 3-story proto句pe structure is d眉igned for a highly sei阻úc location ei血er in Taiwan or 
United States. The typi且1 旭Iy width of 1m 祖.d typi值I story height of 4m 旭間 b甜n fo'山世∞nunon in Taiwan 
缸叫 US building ∞nfigl曲tion， it al且∞rre句訓onds well with the 1m 中都ing of the tie down hol醋。nthe 咽。ng
ßoor and reactiOD wall of 伽Iab. Theto叫 t閣。t of tl隨 ñame， incl咽ing the grade beam. is wi甘Iin l扭曲ung
wail heigl重臼m. The 21S0nun wide ∞ncretc: slab is 甜叩ted to devel呻 t扭曲mp<浴ite 缸tion of the beams. 
M甜甜ring 12 met間凶1 and 21 meters long, tbe 句間imen is amo啤也e larg閏t frame tests of its type e\司訂
閱nducted. The 個珊珊H be t，甜甜喝啤恥間udcHIyr山ruc 1甜 P軍區別ures applying 呻ut grou圓 m曲。由

from the 1時9α過-au血.d 1989 10ma Prieta 且則明閏k間， “a1ed to rep時senl 到吭 l胡也已 and 2% in 50 Y組站

~ ProfuJor.lÄptI翩tlltofCi叫EngfMCrln" Notío甜甜咽n Univer$iry. TQI閥爪 c-mtJit: kcuQi@叫“恥"
;heht叫RUtllteMr. lÄpar叫啊ïvilE帆，呵'， NQtíonQl加叫恤岫'rJily， TQ叫…il: d，叫削勸他恥"
AllocIQ'C Ru." 甘 F，llow. 岫刷MlCulfu for Ruetl，甘 on&m，句“自b習"“n詞也 Ta州恤 ，刷il: mUi呵，悔。-，凹.. 
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ROLE OF HOOPS ON SHEAR STRENGTH OF REINFORCED CONCRETE 
BEAM-COLUMN JOINTS FOR SEISMIC RESIST ANCE 

S. J. HWANC1 and H. J. LEE1 

SUMMARY 

甘lis study investigated the effect of joint b叩開 on the shear s回ngth of exterior reinforced 
concrete beam-c叫“nn joints subj缸ted to earthq值ke-type loading. Nine exterior reinforced 
concrete b祖m-to-column 叫bassemblages Wert tested under rever田 cyclic loadîng. AlI ttst 
Sl=un個s Wert designed 10 have ad呵uate shear strength of joints accordîng 10 曲e softened 
strut-and-tie model . The parameters investigated include the amount and the detailing of joint 
hoops. Test results indicated that the fun抽on of joint h∞P IS to 個叮 shear as a tension 間， 10 

cons個in the crack wid曲， and not toωnfme the ∞nc姆"曲時 It is found that a l e阻r amount 
of hoop reînforcement with wider spacing could be used without signifi闊別ly affeetîng the 
pe捕。nnance of joints. The current ACI 's req叫-ements， viewing the joint hoop 回回nfming the 
concrete core, are not real剖ic and shou1d be aJlev叫ed in its strict detailing rules for joint h∞pS 

Test data al曲 showed that a b曲，目。lumn joint w恤個1 hQ(到p c阻 posscss 甜的fact。可 selSffilC

behavior, as long as 血e joint is provided with adequate sh曲r strength a目。rding 10 tbe 甜食ened
甜叫﹒祖d-tie m吋el

Key開rds: beam-column joint; design; joint hoop; reinforced concrete; shear stre.悍的 test;

strut-and-tie 

lNTRODUCTION 

The role of horizontal hoop reinforcement in joÏDI for seismic r曰:“ance is a subject of much debate. It has 
b輯n argued that hoops CaJ可 a subs包ntiaJ portiOD ofthe joint sh阻r direct旬" wi曲曲e remainder being carried by 
the co間的問re in Ihe form of a diago叫∞mpr間ion strut (NZS 1995). An a1temative 呵阻四t is that 
hQ(月ps con出bute 10 Ihe shear resistan閣。f joints indirectly by confining the concrete 曲re， thus 個hancing its 
diagonal compr電sslve str閉眼h (ACI 2曲2). These 閏nf1icting views about the fl叫的。n of 甘甜sve時e

reinforcement lead to different demands foτhoop as well as 曲e disparity in detailing ru1聞

Cwrently, the ACI 318-02 Code provisions (ACI 2002) emphasize Ihe importance of the confinement of the 
joint core. 10 consequen間， the closely spaced tr四sverse reinforcement in 自e end regi。肥。f lateraJly loaded 
columns must be det創led wi也injointsω甘凹陷 a suitable confinement is provid吋 by the swrounding b醋，隨 (ACI

2002) 甘le use of crosstie Îs inevitable sincc the maximwn s伊cing between legs of h曲'ps is limited to 350 
mm on center (ACI 2個2) 曰“~ ACI req山mn四ts for ad呵uate concrete confinement result in 曲時間led

jOiDts which are ve可 dif1icult to co由加ct. Mor開V肘， the increasing u盟。fhigh 甜'tI1gth concrete, resulting in 
larger amount of joint hoops (ACI 2曲2)， P曲目曲 ev個 worse situation for c。由館uction . It seems nec間組rylo
declare whether joint h∞ps serve to confme or to carry shear in a more ∞nClse manner 

I Profi甜'or，lHpartmenlofCo凡，個 CriOfl E，嗯mun略岫啪"aJ Taiwrm u，，;w~妙。ifScit!/Ia IJfld T<<h"alogy. Ta~，ι TIJ;wa" 10671. R.O.C. 
t!-I..ail: h帥ng@Jrp. ct."間t.edl恤~

- A扣.Uift，叫 Pro戶"啊@叫叮 卸p戶"咖恤訓酬tafC.臼。叫仙抱M叫.. 岫莒盯咄"凶'11，岫"仰.E.叩'8' 間，.吋Ig. N.抽e叫肉岫岫o酬叫川岫叫，Il加t包.，州叫"叫枷Ii" U，恤J，帥t伽'"啥啊"砂 'fS卸b凶恤s紹酬e
“0;叫氧 R.戶O.C . t!-mai叫J: hjlu@砂w恤e叮P戶V叫"恤t<<lt. ed，血恤，伽w 
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EXPERlMENTAL STUDY ON HIGB SEISMIC PERFORMANCE WALLS 

Yaw-Jeng CBIOU' , Fu-Pei HSIAO九 Yub-Webn LlOU' , Maw-Sbyong SHEU4
, aød Ming-Tug HWANG2 

SUMMARY 

τbe stnκtura1 behavior of hlgh 血SßÙc perfonnance walls 叫~ 10 reversc划叮clic I甜甜

1聞ding wcre studied by testing seven large-s且10 sp<回mens， includi時間d-， 回d low-rise 合amed

s抽iJ' walls 百臨e experim間凶甜甜lts were ∞m戶r闡明曲曲曲e of fow 四間唔lO'也啤

曲nventional 句間Ime閏 worked by the authors previous悼 詞羽脾.rameters of 到自l 副o and 
1ayoul of reinforcemcnt of walls were inv蚓igated. The reinforcements of walls were d自igned
m血的。 reinforcements， 的。 個d岫間也zy vertI且1 reinfor自mcnts， and hybrid ∞nventiona1 ar泌

的。 reinfor開ments 甘le 0有間imental r自叫ts 品σw lhat 血e pinching efIect, which fr四回ntIy
eXlSl吋 in the ∞nventional 曲曲r wa1Is, is remarkably improved in the new design high se白血C
perfonn扭曲 walls . Thc larger st，揖I 13tio in the shear walls with 450 reinforcements indu但s 1且s

pinching effect. ln adcütion. most of the maximum I個d，叫timate di叩1.自m回L 曲曲lity factor. 
aod 個ergy absorpti曲曲pacity of th間 n巳wd間gn ftamed sh且rw泌Is 研制gher 血扭曲
∞nventiona1 ones 甘\e strucrural be加vior is highly dependent on the layout of reinfor血ments
ofwalIs 四enewd甜扭曲阻 wallp。“晶scs high potential to impr叫c the seismic perfonn扭曲
。fbuildings

E叩.有rmb: high seismic戶柚rmance wa//s; Jarge-scafe tests; cycfic foading 

INTRODUCTION 

扭曲r walls have b眉n 時間gnized as effiαent 阻抽quake ccsistar間 elements (Fintel 1991). Frar祖國曲曲r

walls ar電 extensively used 曲曲e ∞mponents of 目叫司岫ke resist扭曲 buildings. However, the 曲nv阻110阻i
sh回r walls, which the reinfOI田ments are ul ve抽血1 and ho阻叩旭1 directions, frequently poss自5 pinching e1fect 
in the load-di甲lacement curv自甘le pincbing e1fect will r電du扭曲e energy dissip曲。n 個世Ibili妙。f wall 
百\e improvcment of conventio阻 I shear Wa1I 10 redu曲曲e pinching effc目圓unds祖 essential res目πh

Bcnjamin 胡d Willi且隨 (1957) peñorm吋 a series of t~啦。n low-rise 告制吋曲曲r wall (HeigbtlWidth::: 0.57) 
血句ect國 to monotonic 回ding τE叮 P叩開“d a formula to pl世ict the elastic-pl茵茵c 1阻d-displa自ment

curv區，缸td 曲tained the 甜uctura1 StifI'neSS al vario回 10甜s. Yam甜.a et al. (1974) tested a low-rise fmmed 
shear wall (Height/Wìdth =0.44) by monotonic I曲ding 叮叮 propo嘗到il a cüsplacement m吋el. and studied the 
阻ameters of wall 山ckness 個ds臨l ratio of w叫1. Barda et al. (1976) presented tests on low-rise walls with 
boun也zy elements. Th叮 studied the parameters of verti啞1st揖lofbo凹血ry elem間尬， horizon甜甜d verti晶l
st回1 of wall，個d height to width 13tio 岫u甜 H且 (1987) in"帥gated the 曲曲r behavior of framed walls 
胡dpro牌，sed a fonn叫a to predict thc 胞回gth of walls. Mo 個.d Kuo (1998) presented a displa個ment 四n回l
test on small-s扭扭 frarned sh且rwall 且旬ect甜 to reversed cyclic 1atera1 1聞.ding τb叮 studied the parameters 
of structura1 cümension and ∞ncrete 甜ength.甘le expenmen凶間叫tswe..∞mpat祉 with 曲lutions曲回ned

by tr唱s m咽el and IDARC 回ftw間. and a large deviation w田 f叫td between t甜甜d 缸wyti值1 results 
Recentl.抗Mar竭。ur and Hsu (2曲3) presented the e咚>enmen包lre叫尬。.f reinforced ∞ncrete elements under 

~ ProfuJlN', D.p叫叫/ ofCI\lil Ellllll llri"g. N，叫。岫lCh，lIgK，叫山帥"剛 h岫11. ，.mall: 嘲呻岫Lncht.帥"
, G，怕也 a/， ltud'lIl. D叩arrm，1It ofCI\lil E"gill" rlllg. N.叫ollalCIN曙KUlIg Ulli\lflrJ嘲加m
e mveuBOR ZM戶'f11N1I1 o[l lItnmrial &功，/}' alld Hygi,!Ie. Chio-NolI UllillflTlÎ/}' ofPhannocy a"d S出'，1fCt， Toi開凡
抖現(usor， Dt戶，rtm'lIl o[A帥11<<恤r<<. NatiOf/DICh, lIg KUlIg UllillflTJif)l, Tai關11， .-mail: mlllNu@maiLncht.，伽.<w
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AN EFFECfIVE REPAIR-REHABILITATlON WORKING METHOD FOR 
NON-DUCTILE RC FRAMES 

Y曲研Fong LI\and Yan.lie LIN2 

SUMMARY 

In 血is paper， 曲 effective r叩arr.re旭.bilitation working method is prop唱ed for moderately 
damaged building structur商品er m3Jor 開抽q睡k目 τ'hree reinfor回到tI concrete (RC) fram自
with 回1， 旭lf.height and full.height brick walls w闊的igned and t回國 al 血e Nationa1臼ller

for Res曲.rch on Earthql岫ke Engineering (NCREE). After the ∞lumns of th甜食師閻明m
damaged. st.自I wires and 2 laye屑。f 且rbon fiber reinfo闊別j plasti臼 (CFRP) are used in the 
proposed me'曲。d 10 ∞nfine reinfo甜甜 c。自臼'ete ∞lumns 甘由 Z可au吋13bilitation working 
method 且nmα阻.se the shear s叮當Igth 祖d du曲lity 且pacity of col山nns to f自ist the 曲闡明曲ke
force. The advantages of st揖w>闖紅啥也e叮 bending flexibility, material stability and 
availability. 甘也到ress-strain rel曲on曲ipof也e ∞叫ïned concrete, prop<浴ed by Li el 址 (2003) ，
W田 used in the theoretica1 sectio曲1 且越ySls 甘ten， we used the Response 2以lO (Bents, 2曲1)
to obtain the moment啥也vatureα.1I'Ve of the ∞nfined columns. For the anaIysis of brick 但由1，
曲 “呵山，valent truss m()(制" w品 used. Fînally, the frame and the 明山咽lent 信uss w啥re engaged 
曲d then anaIyz甜 following a non-lin目r pushover anaIysis to obtain 也e 甜ength envelopes of 
間也金ame. Res叫ts of the experiments 曲。w 曲:咽.rally wraPl閹割揖Iw曲曲ble andαRP 
are 個 effective r可aiNchabilitation working meth吋 for damag，剖 RCfram目The analyti目l
res叫“ C血 pr世ict the lateral for回-di申1，且ment relationships of RC貪官冒明 a宙間'3tely.

Keywords: Non-ducli/e Jrame, Carb酬fiber reinJorced p/aslics, Slee/ 削階

間TRODUCTION

In 1999, a major 目咱tq阻ke m扭扭ring 7.3 on the Richart S個le rut C個回1 Taîw祖 After the so-called li-li 
Earthq'凶ke， 曲me fi當R自 and ∞lunu遇。.f e姐姐ng buildings su1fer甜曲目r-failure damage but d.id not ∞Ilap!路I
As already Icnown, the britt1e 晶晶r failure in RC ∞lumns is ident血甜甜。ne of 曲e most 血可:ero啞 failw海

modes beca回e it may ca區e the ∞Ilapse of buildings. lf the non-ductile 貧am目前回lum固 suffering
shear-failure damage 曲u1d be repai>"吋 and rehabili回，ed to m曲:t the current scismicα珀e， it should be more 
缸。noßU個1 血d r.闊別ble th血 demoli由ing and 間詞。nstruetu司g the whole building. As s眉n from the failure of 
buildings after li-li Earthquake, most ofthe 曲maged buiJdings 抽，ve non-du曲le frames that fail 凶犯ause of their 
椒油， d自Ign or ∞n訟ruction. It is neces且ry to d研01叩血 effective and efficient rq:祖I and reh晶恤.ation
worlting method to prevent the buildings from collapsing during the aftershocks. 1n thls 開per， we propc間通祖
.ffec泡ve and eflicient re脾E咽岫:bîlît.ation working meth叫 The advan旭19es of 出s me儡吋 are: (1) it 且n
easily be applied by less~xperienced workers; (2) the materials are available ar訟回sy 10 曲凶n; (3) it d由這 nOI
ca11 for any h且可問uipments ; and (4) it is faster than otherwo成ing meth咽S

Jn lhis 但per， three major topi閻明11 be in宜。du但d in the follo制ng order. Fir現自ed阻阱。，f the thr韓國舟山1I

non-ductile RC fr當nes， and the proJ:的錯d ，可缸吋-rehabilitation working method for the damagl吋 RC frames are 
m官吋uced. And the experimenta1 setups of the non-ductile RC frames at NCREE are introdu臼:d. Next, 
experimenta1 results regarding the du個區旬" ultimate Iatera1 force, and energy d.i叩pation of the RC fr到n眉缸電

' p，吶'JSor. ~pat帥Iml ofCivil Eng岫fring. Nationol Toi戶iU，例wrllψ afT.帥"蠅)'. Ta;wa，瓜 f-maiJ:yfli@ntNl.f血"
• M.S- Gram.atf Studfnt, De，戶相酬 ofCi叫Eng;nuri略抽加nalTa;，凹'; UniWrI;ty ofTfchnology. Ta;間用
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Seismic 阱ñormance and limit stat咽。f RlC moment 間sisting structured frames 
with non.structural members 

M曲ru Terao叫， Ka叫'a Hayashi~， Naoki Takamori3
, 

K.azutoshi T!叩tsumi\ Al值也hiT，且izawa~ 個d Hiroshî Kaw也nura﹒

Abstract 
In order to e叫bli曲 betterper詢問睏臨一恤臨d seismic desi伊 for RlC mom開t resi民ing 甜uctured

frames with non-s回ctwal member乳白is report e且mm聞 seismic damage, repair 回歸祖d
damage impression. Initiall:乳 experiments were perfonn閻明白白m 抽血﹒阻le 甲ecimens in 
order to investigate the seismic peñormance for the structur咽合當n閻明白 non-回ructma1
elements, su晶晶 the mullion-中曲曲叫∞mplex withd曲時， the 且shes and finish materials. Next, 
r叩，m∞st analysis based on the test resu1ts was done to inv自tigate the r甲airable limit. Finally a 
q曲曲onmllre survey w晶Wldertaken 回凶Ig digital photographs of damage caused in the initial 
expenments 10 in'間甜伊te the peñonnan且 limit 咽tes bas咽。n p目'pl出 unpr電ssion of the 
damage. By applying those relationshi阱， the star泌ard valu目。f 1m叫“at閏 b晶ed on the 
expen聞自dma且mwn stOI)' dr曲曲刮目晶晶回 levels ((1) servi回過Ibility， (2) minor 時間" (3) 
maJor呻凹，祖d (4) 甜甜y) were propos喝!

KeyM扭曲 ，叫司(orced concre紹， non-s，的Ictural members, , seÎsmÎc performan呵， seismic 
damage , repair cost, damage ìmpression, servi臼ability， reparabil，瑚 safety

1 IntroductioD 

When structura1 d目igners d的gn 血e seismic peñon圓且閣。f building 甜uctures， the sp且也意I wa11, side wall 
andmullion 中扭曲1 曲mplex of reinforced 叩開甜甜 cl曲rly dis恤但也ed structural walls and non-血lctUl連I

walls. As for 鈍ruc恤ra1 walls，也ee符咒cted peñormance as a strucn圓1 member is evaluated in a 甜uctural d間.gn
On the other hand, the non-structural walls are disregarded in a structural design 官也refore， the inf1u聞自由at
the wai1 間erts on tl溜到ructural behavior shou1d be r吋uced as much as possible，個dal且 their influ聞自 sho叫d
be evaluated appropria凶ly

Non-s恤.ctural members within buildings have typi曲lly 間ceived a 101 of damage during 甜甜"1岫k揖Prior t。
也e 1968 Tt。旭chîoki 目nhq岫ke (whi晶 hlt no曲em Japan), Japanese engin聞電旭d regard國 damage of 
non-structural members 且 less im戶"叫曲曲 damage to 甜uct回過 inembersl)~ After 血e Tokachioki 且rthqua峙，
in 1971 曲e r四urrem，叩t for the 11姐姐mwnh由帶電池。ng d目r曲揖d to less than lOcm. in 0吋缸 to prevent brittle 
shear failure 四e fQ(訕。n the inf1u聞自 of the non-甜ucturaI members to 也e seismic be怕vior of the stru晶m
was awaken剖In 1981 the new 甜smic d自.gnα>de was enforced. Since 1981 a seismic d間gn con扭扭 m

which a moment resisting 成ructured 合當ne of str四19 ∞lumns 且dw回k beams h晶 b個n adopted. 1且lation of曲e
connection be仰自n 個51.島in-pla個 non-s甘uctural members ar叫甜uct世祖1 members has 刮目 been fC(詞。mmendedl )
Moreover, the installa包onm咱吋5 of non-structura1 members 岫ve been v阻ously imprm吋

J Techn%gy Developmen/ Division, Fuji/a Corporarion, Kanag仰也;，.伊n， E-二m叫“raoka@lüji/a.cojp

2 Technology Deve蚓pmen/ Division, Fl旬，“ Corporafion， Kanag酬峨 J，阱，.缸lail: khayaJhi@向他CO.Jp
3 TechnoWgy Deve坤men/ Divilio.凡 FU-}Ïta Corporarion, Kanag曲也.Ja.明n， E-mail: /akamo叫掛I)ïta.co.jp
4 Profollor; Shibaura lnstitw/e ofTechnology. Sa加ma. Japon. E-mail: 111ω mi@Sic.J治aura-if.acJP

SR，帥，就h aJsociate. Kyoto Universlty. Kyoto, Japon. E-moil. 如徊，呻orchi恥叫叫P

6 Profossor; Kobe University, Hyogo. Ja戶n. E-mail:ka闖闖'O@。吋 løbe.lI..oc.jp
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SIMULATION OF DAMAGE PROGRESSION 到 LOWER STORIES OF AN 

l1-STORY BUILDING 

H血im BECHTOULA 1, Masanobu SAKAS悶τ'A2，
Susumu KON<Ý, Fumio WATANABE4， 祖toshi TANAKAS， 加farc EBERHARD6 

This p申e， is 10 be submitted 10 the 4th lnte",ationlll 0叫iference on Concr前 unde， Severe Condi卸'IIS of 
Environment Ilnd LOllding (CONSEC'04) which wiU be held in Seou~ Korellfl'Om June 27 - 30， 2師4

SUMMARY 

To investigate the seismic behavior of the lower part of an eleven story reinfo闊地∞ncrete frame 
building, two 1 /4 民ale reinforced ∞n叮ete fr到nes with two stories and one span were tested. 
Both frames were id聞組cal but 缸血1 1曲d variation was different. Tested spc;間me田 did not 曲。w

曲y strength degradation 研en though th叮 were loaded to a dr由 of 6 % and 7 %. Beam 
elongation, column 曲onening 曲d variation of sh且r forc訓e .t 曲曲曲lumn base were m目sured

Good agreement w血 found betw田n the analyti且l 血d 血e expenmen旭11阻d-di中坦白ment at 也e

first story, second story 血d the entire 酋剖ne 甘le analyti阻】 αllVature-drift angle relationshlps for 
f間me ∞mponents matched al個 well the e河流rimental on曲

Keywo,ds: Damage; 曲ctile RCframe; axiaJ Joadvariati帥" pJastic hinge; beam elongation 

INTRODUCTlON 
After the a，α::omplishm個t of the fmt p甜 of the test program where sixt間U阻lated SmalI and la思:0-阻10
reilÚorced ∞ncrete columns were t自ted 凶叫er differen1 severe loading histOl)' [1)間， two rei lÚorced concrete 
frames w恤 two ston閏 and one span were d自igned 且d tested in Kyoto University to 叩開甜gate 也e selSnuC 
be岫vior of曲e lower part of an 叩tirefr宙間甘10se 貨在mes were 臨aled 10 1/4 in order 10 6t our loading system 
The reinforcedωncrete frames were d自1伊ed with the latest Japanese guidelines [3)τbe models 間prese叫d
the lower p甜 of an el巳ven story reinforced 曲nc剛efr加ne building prot昀'1"'- Many resean;he<s [4][5J 
mv出igated the column 阻smic be旭鳴。r Wlder different 句pe of loading in 血e past. However. not enou阱
experiments were done for fr剖ne 到ruct回回 or b<旭m嚕。1凹m 且semblag'曲昕遁詞n個 ofb唱ms and slabs in the 
structu間 may change the∞Imno 臨時間c behavior dr缸回組個1Iy.甘le fi咽 target of our 1目包ngwas to q咽ntify the 
bending moment, a泊al load and shear distribution at the fi回到ory ∞lumns 訂閱 Sα刀nd 隧rget was to m目sure
the beam elongations wi曲 re申ect to the frame drift, and the I晶t target w甜 t。伊吋ict the I阻d..mspIacement at 
閏ch story 且 well as the ∞mponent deformation analytically 

EXPERIME測TALPROGRAM

Test setup 
百le cross s目tion of the columns was 270x270 mm and 180x270 mm for beams 甘le height of the first and 
second fl曲<s w阻 765 街叫 840 nun re可x:ctively. The span length, from 曲lumn a旭SW曲 1800 mm. The 
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STRUT-AND-TIE MODELS FOR REINFORCED CONCRETE INTERIOR BEAM
COLUMN JOINTS wlm REQUIRED DUCTILITY 

S時Gon Lee\ 血d Sung-ωHong' 

SUMMARY 

甘us paper pr電間也 a strut.and-tie m吋el for曲甜甜閉眼h ofRC int.冊。r b<鬼恥∞lumnjoint wî曲

∞自ide阻tion of plastic hinge deformation of b且ms adjacent to the joint. The pro伊sed ，山t.and.
tie model co阻iders both of diagonal 甜ut mec旭血sm and truss mechanism as main transfer 
m目旭nisms of joint 曲ear. The effl閣。fb且m pla甜c deformation on the strength of 曲曲
曲mponent within 自is m吋el is investigated 10 explain the decrease in the join1 sh目Z 甜-ength
w.血 the increase in its system du副lity. The 甜甜lofb目m longîtudinal bars at the ∞lumnface of 
joint is taken as the main p缸ameler as the system d甘甜且你 τ1祖祖剖n of bars in yielding state is 
derivεd from the story 由iftreq曲吋 in scismic d自ign. on扭曲e 恤r strain from the beam is given, 
a linear strain distribution wi血in the joint region is ass四n甜 10 find the bond fOI田s inß阻nCIDg
the eXlent of truss mechanism and delermining 也e 由電ngth of diagonal strut for diago阻1 strut 
mechanism.甘血 model is appli吋 10 a typi阻1 in個ior beam<olumn joinl 個dtheth閉路包圍l

results shσw good agt田ments with experimen凶 results. Using 血is model, the 曲曲r 甜ength of 
beam咽lumnjo臨阻nbee呻間叫 in termsof酬em ductility level. This propo甜m耐1may

be appli咽 ω 血edi甲1.間ment 岫sedd晶ign for RC 扭曲曲lumn joints not on1y in 伽趾。
seismicity zone but in I酬 ﹒ 。r mid.seismiαty 甜甜甜 well

Key帥，t/s: Strut-and-7ìe Mode/s, lnte, ior Beam.Co/umn Joints, Ductility Based Design, 

Limiled Ductility 

INTRODUCTlON 

A sUUt.and-tie model is a represemation of intema1 force flows in reiIúorl也d ∞ncrcle members by discrete 
∞mp臨到叫“ruts and tension ti聞 joined log'岫er at noc岫 [Sehlaieh et .1. (198η]. As the strength models 
b晶ed on the 且SWDption of叫個nate 鈍ate， 曲ut..and-tie models are today ∞nsider咽 by 間晶.rche時 and甜uctural
engu自由rs lO be a rntio聞1t∞I for the d，自ign of D-regions, where the 甜'CSs is not lin曲rly distribuled. Strul-甜ι
討em咽els 1明uire suffiαent defonnation 且開city of components of models. However. while reiIúorcing steel 
typically exhibits a rnther du血le bc旭洞肘， the behavior of concrete is fa.r from being p1astic. In addition. bond 
shear stresses transfcrr世 betwecn reitûorcing bars and the surro間ding ∞ncrete result in a lα::al ization of st自1,uam n目I 血eα"3ck， particuJarly in p。“-yield range, r咽ncmg 血e ove阻lI d田tility of bonded reiIúor目ment
Hence, in order to justify the appli且tion of甜祖唱“-uem吋els t。甜叫個ra1∞ncrete 1I IS n晶晶晶JY to 間且re.

sufficient defonnation個個e.ty加Ollgh approp閻健 detailing with use of e1re(立即eness factor for∞n叮臨

Recent res且.rches on 曲rtl利閣ke en學且自由g. howev<肘" are turning toward peñorman間也ased design 甜甜 t。

over四me the disa申祖個車峙。<Í the currenl 甜ength屯ased design ∞nα司pts， which 旭Ive no direct relation betw回n

scismic load and peñonnan閣。r the 甜ucture such 甜甜-ength and d回包lity. Current 甜ut也叫-tie models, 
however, provì曲。n1p四ui.red strength of members for scismic d間gn. To over∞me 血1S limitation, Marti et al 
(1 998) sllggested a tension chord m吋ello 且l扭扭le deformation of the lension tie 曲mpon側. which is a阿拉咱
10 detennine 血e deformation limil of flexu.ral members and eXlended 10 d目1 with shear problems. Defonnation 
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