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EXPERIMENTAL INVESTlGATlONS OFTHE LATERAL FORCE 
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SUMMARY 

An experim曲tal rese位由 has been a'晶。mplished to inv目tigate 曲e later叫 force strengtbening 
effect of low-rise concrete building baving 抽fisω可 at the fU'St Ooor. Tbe columns 00 the first 
Ooor were reinforced with aramid fiber wrapping and both aramid 6ber and buckling restrain吋
brace(BRB). Three different one-sto叮 frames baving 300 1011)(400 1111 columns aod 350mm x 
4曲mmwεre tested and the correspooding later洹1 force capacity w國 compared

The ma祖xun
曲叩曲曲a嵐t of 曲趾e un-re巴 i血n由~必包b。帥z昀帥它臨ed frame. Tbe fram冒ne 血恤a泌t 咽'<et官-einfi必。r時芯ed wit也hbo。血缸茵nid fiber 血d

b尬血ok凶lin呵1璿g <e'回扭剖 bmo曲.. 曲:how吋 be叫tte叮r unprov吋 , .. 惚em叫1 forc悶.. 悶穹冒"叫s剖t恤m固g 臼p戶aoα叫tty 曲岫an 曲伽。" of 
others. However the different crack pattem w曲曲曲rved for the tbr自 different frames. The r自ults

oblained from full scale experimenl w叫ld give appropriale reinforcement guùlance for an 
earthquake resistanllow-rise building having 曲ft slory al Ihe 1_ floor 

K吵得

INTRODUCfION 

Tbe6剛 earthquake resistant building design code in Korea did not speci自ed earthq圓ke resistant design of 
buildings lower th曲 6 stories. Therefore, all low-rise buìlding5 that Îs lower than 6 stori目 being bu且It without 
00岫idering any earthquake load during a d闡明 proc自s. As eve可 structural engineer r恥ogru扭曲at tt is very 
dangerous during earthquake al曲。ugh the building is only 6ve stori眩5 if the first floor of a building 甜甜1揖'"

softer than 。血er stori間The 申自ial care should be provid吋 for this type of structure. An e由α開t 個d

economl開1 reinforcing method in improving lateral capacity b自缸田間 issue for this type of甜、>0"間. recentIy. 
Tbe lateral force reinforcing me曲。d of pilotis type structure c祖 be classified into two typ曲; 1) strengthening of 
column, and 2) strengthening of beam-column joint. A column reinforcement using fiber sheet is ve叮 common
due to its e晶y co附加ction. Also the reinforcement 閏ing fiber sheet has econornical and envirorunental 
advantages due to i個 decrement of both labor and w甜es.

Typical type of 6出nu且d in reinforcing structural member 帥; ')Carbon fibe丸 2)Glass fiber，個d 3)Aram id 
6ber. 1be r扭曲曲 on structural reinforcing me由吋 with aramid fiber polymer w.曲曲nduct吋 bysome 此時帥甜

甜d engin借閱 due 10 its relatively high 曲ctility and low cost in spite of 加叫alÌvely low tensile 甜開gth

compar吋 with other IwO fibers l),2). A typical column reinforcing meth吋閣ing fiber sheet is the increment of 
compre曲的o and flexural strength through the confinement of all or part of a column using resin impregnated 
fiber polymer sheet 
Steel braces 5uch 聞 diagonal type, K-type，曲d X-type were the typical earthquake reinforcing method for the 
frame structure. However, much restriction follo間 in applying braces to low-ri扭曲ft story building for 
晶抽q岫.ke reinforcement since most of 50ft st。可 in 6rst floor is designed for a parking 101. Buckling R，閏tr8ioed
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SEISMIC MOTION-DAMAGE RELATIONSHIP BY USING DAMAGE DATA OF 
SCHOOL BUILDII可GS INTAIWAN 

Yî-Hsuan ru l, Pei-Lin YE甜. T訓-Wei LIU2, and Wen-Yu JEAN3 

SUMMARY 

Ada凶Ibank for a to叫。f 157 typical low-rise RC sch∞1 buildings damagl吋 in the 1999 ChÎ-Chi 
Earthquake in Taiwan is 晶tablîsbed. Damage 創1<1 structural infom帥on ioclude original 
缸'Chitectural blueprints, ground motion întensity, and damage records 紅e collect吋 by Iiterature 
survey. Different from most of the earthquake damage învesligalion, the samples are not 
n。口nally distributed and therefore regarded as independent ever、個 Bi晶 and uncertainti曲 În the 
databank are dîscussed. Since the buildings have high sÎmilarity În arc恤目tural type 甜d

甜uctural system, empirical filting appro臨h 間th properly cb。個n samples is employed for 
attempt on 晶tablishing a motion-damage relationship. Peak ground acceleration (pGA), the r8tio 
ofcolumn ar開 at ground flo。丸 and a five-level damage îndex are used 10 defme ground motion, 
struc t帥， and damage characteristics, resp個tivel)位A1though the ∞rrelation between them is not 
國 clear 晒 expected ， a reasonable tendency 的 observed

Keywords: earthquake damage; schooJ b叫dings; databank; motion-damage reJationship. 

INTRODUCTION 

Eartbquake damage Îs not only a di曲"訂.， but also an examÎnation for the pr自ent 甜uo旭re engm自nng 借C趾uque

and a lesson for tbe future one. 8y collecting and investigating damage data, the correlation between ground 
motion and damage can be established directly and applied to earthquake loss estirnation and ha回rd mitigation 
ATι I3 report (ATC 1985) pre甜nt吋 a methodology that b晶 b自n widely used for 間tirnating damage/l個S

caused by 個地q阻扭曲d collateral hazards 甘lC major procedure includ曲 facîlity cl臨sificati冊， selectioD of 
ground motion characteri且It帥， and damage estimales for differenl typ目 。f structur宙 間der 睡前ific ground 
shaking inl阻slty.

Mostly the motion-damage relationship developed by using investigated damage data during a p祖t earthquake is 
in the fonn of wlnerability function (刮目 termed fragility curve). It predicts the probability of reaching or 
exc~吋ing specific damage state for a category of buildings 明白 gtven ear由quake inte間ty. The wln曲曲ility

functio由 are feasible for damage 1由S 自timate in a large region， 阻oh 曲 a city or a state, yet scatt眩目回ed by 
t間U間ciency of detail in structure c1assifi cation exists generally. The appli阻bility of 曲e func自由 to regio曲

。utside 曲e area wher苟且t is originally developed is unc1ear 揖 well. Seismic eval回tion 血at concems about 
1個a1ized s回ctural behavior and ground motion characteristics is utilized to establish the motion一damage
relati。由hip for individual buildings. While detailed infonnation and complicated caIculation are r.呵uired， higher 
accuracy and applicabi1ity may be expect，吋 Vulnerability functio間 can al曲 be developed by perfonning 
臨的mîc evaluation procedure on representative type of model buîldings. K間her et aL (1997) dem。阻trated the 
building damage function developed for the FEMNNlBS earthquake I曲S 自timation methodology (Whitman et 
al. 1997) by阻ng the capacity 中缸恤m method proposed in ATC-40 呵>ort (ATC 1996) 
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ANAL YTICAL SIMULA T10N OF SHAKE-T ABLE RESPONSES OF 

A TORSIONALLY-ECCENTRlC PILOTl-TYPE HIGH-R1SE RC BUlLDING MODEL 

Han-Seon Leel, Jeong-Jae Lee2, and Dong-Wook Jung) 

SUMMARY 

A ，聞自 of shaking table 間ts on a 1: 12 scale model using scaled Taft N21 E earthquake records 
were conducled 10 inv目tiga le the seismic perform阻呵。fa 1 7-st。可 hlgb-ri揖 reinforced ∞師叫e

building structure with a high degree of tors的抽1 eccentricity and 抽ft-sto叮 盯意思darities in the 
bottom two stories 甘le main characterislics of behaviors we閱 ( 1) The sudden change of 曲e

predominant vibralion mode from the mode of translation and torsion to the torsional mode after 
也e f]exible side und釘went large inelastic deformation. (2) The abrupt incre郎e in the torsional 
甜甜less in Ih的 change of mode治 (3) The warping behavior ofwall in the torsional mode. And (4) 
the unilateral over訓值ming moment in the di時d的n transverse 10 the table excitations 
In 曲的 stu旬， efTorts were devoled to simulate the above characteristics using a nonlin阻r analysis 
program, Perform3D. The advantages and limitations are pr臨叩ted wi曲曲e nonlinear models 
available in this software as they are rela le必 to the correlation betw個n analysis and test resulls 

K壁ywords: SEEBUS; lorsional ;用~gufarity; reinforced concrele building; shaking table test 
nonlinear咖amic analysis 

INTRODUCTION 

Perfonnance-based seismic evaluation and design has become practical with remarkable developments in the 
experimental and analytic seismic engin曲ring research. In perfonnance-b晶ed engineeri嗯， the estimation of也e

available capacity of structural components 臨 wel1 as of the whole struc他'" 昀 crucia l to its successful 
implementation. Also, the demand on∞mpo闊別 fon:曲 and defonnations by the expected earthquake ground 
motl。曲曲。uld be rea甜甜Ibly predicted. Thîs prediction or 自timation is largely e阻bl吋 by nonlînear dynamic or 
static a抽Iysis. a.盯-ent t揖hniqu晶。fno世inear time-hist。可 analysis or 血，，，血.alysis are wel1 developed 
Ho明ver， nonlin目r analysis shωld be calibrated whenever possible 晶 analysis reliability h.as a crucial role in 
perfonn扭扭 based engineering. The objective of this paper is 10 investigate 曲e correlation between the results 
of previously conducled earthquake simulation t閏ts of a 1:12 scale l7-slory high-rise RC building model 
(Dong-Woo Ko et al. 2帥的 and the nonlinear time-hislory analysis perfonned by using Perform3D (Computer 
and Struclures Inc. 2006). The 扭曲。n why the 叫hors have chosen this software is that il has good pre 曲d
post-process and a 閏er- friendly environme測， particularly with curr凹tly available rehabilitation guides for 
existing building structures such 晶 FEMA 356 (Federal Emergency Management Agency 2000) or ASCElSEI 
41 -06 (American S閣總ty of Civil Engin聞單 2叩7)

EARTHQUAKE SIMULATION TESTS OF A 1:12 SCALE 17-STORY RC BUILDINGMODEL 

The prototype was selected b臨ed on an invenlory study of multi-pu中。目 high-ri扭 buildings in Korea 
(Han-Seon Lee et al. 1999). The structure consists of a lower 2-st。可 2-b呵 x 2-bay frame and upper 15-sl。可
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IN副TU TESTS OF RC SCHOOL BUILDINGS IN TAIWAN FOR SEISMIC 
RESISTANCE 

Shyh-Jiann HWANG', Lap-Loi CHUNG1, Yeong-Kae YEHJ, W，凹-YU JEAN4 and Wen-Cbeng SHENs 

SUMMARY 

四le poor perfonnance of the RC school buildings with substandard reinforcing details had b曲n
widely ob時間'ed during the 1999 Chi-Chi earthquake. Seismic evaluation and retrofit of the明
numerous vulnerable sch∞I buildings is an important s叩etal 間凹的 be resolved. Concerns about 
the seismic upgrading of the existìng sch∞ I buildings grew consider曲ly and resulted in 揖veral

programs to ident峙 and mitigate 揖ismic risk. This paper reviews a series of in-situ tests of RC 
sch∞ 1 buildings in Taiwan to identify fmdings that may be immediately 田efulωthe structural 
engineers in government and private practice who are working on seismic re岫fitting of scb∞l 
buildings 

Keywords: In-situ tests; RC schoof buifdings; seismic evaluation; seismic retrofit 

1. INTRODUCTlON 

A number of buildings in the primruy and middle schools in Taiwan have suffered damag目 of various degrees 
during the Ruei-Li earthquake (July 17, 1998), Chi-Chi earthquake (Se叭ember 剖， 1999) and Chia-Yi 
earthquake (October 泣， 1999) in the pa叫 decade. In the disaster area of Ruei-Li earthquake, m個y 品hool

buildings were se閥混Iy damaged. The damage modes included the spalling of columns' cover concrete, 
cracking of core concrete and buck.ling of longitudinal reinforcement. The seismic r'曲istance of 血ese buildings 
should have been gr啥滋ly reduced. These school buildings were on the brink of co l1apsing. Ne呵成hele曲 many

school buildings were collapsed during Chi-Chi earthquake. According to the report publ的hed by Minis回。f

Educati冊， a to叫 of786 schools (1958 c1assrooms) were damaged in Chi αli earthquake. Even in Taipei City, 
which is about 150 km far away from the epi目nter， there were 67 school buildings damaged. The total I田s of 
life resulted from the Chi-Chi earthquake almost reached 2,500. If Ruei-LÎ earthquake were not occurred 
during the summer break or the Chi-Chi earthquake were not taken place in late night, the total casualties could 
have been much more 

Based on the damage statisti間， a lack of seismic resistance appears to be a common problem in the existing 
pnma可 and secondary school buildings in Taiwan. Significant casualti曲 and property J。“es could be resulted 
from the collapse of these school buildings under s治'Ong earthquakes. Furthenno悶， school buildings might 
have to be assigned 曲 emergency shelters immediately after a severe earthqu曲e. An urgent need to retrofit 
the existing sch∞I buildings is c1ear, 

Most of old school buildings were designed according to a st扭曲rd pl曲曲at is functional for getting naturld 
Iight 胡d ventìlation. The typical plan has all the openings and a corridor in the longitudinal dir叫ion and 
many brick partition walls in the transverse direction (Fig凹'e 1). Some common fi凶l叮e pattems were found 
because of the typical type of school buildin軒， such as failure in the longitudinal direction due to lack of walls, 

short-column etTect due to constrain by windowsill悟， and strong-beam-weak-column etTect due to non-ductile 
reinforcement and slabs 也at CO lUlcct with the beams, as shown in Figure 2. For preventìng possible damage in 
the future, it is urgent to develop the seismic assessment and retrofit technology for the existing schools 
A1though there are alr臼dy some assessment methods developed by Întemational re甜ru-ch間，問ually 也叮叮e

verified by smal1-scale or pa叫 al structural assemblages but not full-scale structure. It is still questionable that 
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DISPLACEMENT-BASED SEISMIC DESIGN FOR 

PLAN-ASYMMETRlC WALL SYSTEMS 

Sung-gul HONG自 and Taehyu HA 2 

SUMMARY 

This paper p叫>oses a displacement-b曲ed 蛇ismic d自Ign met扭曲logy for pl曲曲折回ne出C

W司11 systems with ∞nsideration of inelastic torsional behavior and coupled dynamic effj軒ts 盼

。vercome the limitatÎon of cw問耐心rce-b晶edd眉ign approach曲 for tocsion. Review on current 
臨時mic d目Ign c吋e proViS悶悶胡d 間施arch for torsion requir宙間 how to realistically 自timate

d臨ign parameters such as additio08I shear focces due 恰恰rsion together with target displacem凹t

曲dta唔et rotation angl晶。f systems at mul心levels of defonnation. partic叫 arly， at inel晶tic levels 
甘苦e proposed design method for tocsion introduces a ∞ncept of displacement eccentricity from 
static equilibrium in the framework of current displacement-based d，間ign approacb<目The

prop。時d displacement eccentricity 晶 a value of proportionality relates a system rotation angle 
個d system displacement for 甜甜ymmelric system from static 呵uilibrium. Funhermo間，血e

addition of amplified rotation angl間 to the static rotation angle 開ables us to consider the effect of 
mode sha但這。f an asymmelric system. Trial rotation angle with a target displacement at initial 
d由19n step 的 calculated by assum且ng elastic displacement 間-cenlricity in an el阻tlC state. 間d 也m

a displacement eccenlricilY determined from 抽turalfr呵uency and m吋e shap晶 b晶;ed on 扭曲"

甜甜浩浩s are updated for inelastic torsion acc。耐ng'。由e proposed d開gnme心吋The prop曲d
d自ign method finally 阻tisfi閏曲e 個rget lateral disψlacement and target rotation angle by 
succeSSlve m吋ification of由e lateral 甜甜less dislribution 

Keywords: torsional respons~丸 seismic design, displacement-b由ed approach, shear wall systems, 
d自ign eccentrici吵

INTRODUCfION 

PI血-曲ymmetric structures are likely to undergo to潤的081 vibrations in addition to lateral 。“iIlatio悶. when 
subjected to earthquake ground motions. As a to間的協 I respon揖個curs. exc揖sive stress andIor defonnation are 
concentrated on the tlexible side members. Tbese 間開阻ve seismic demands for lateral resisting components 
ofien r，閏uI， 扭曲 unexp<叫ed collapse of systems. Several fai!ur，間 in relation to the tocsional respon揖s have b開n

reponed for p甜甜的quakes (Mitchell et a1. 1986, 1990, 1996). Hence, almost seismic de池ign codes have 
propos吋 a criterion of torsional design to minimize the tocsional r目ponse and consequent damages to systems 
Force-based design methods for torsion have focu時d on additional shear 閉 individual walls by shear due to 伽e
eccentricity. The design 自由ntricity in 也e c"，τ'ent code provisions includ扭曲tic ， dynamic and accidental 
eccenlricity of the plan. Torsio08I design methods staled in Ihe current seismic c吋e proVIS10田 have 甜me

limitalions in 曲eir application. It is well appreciated 曲at a new approach for tocsional d開gn may irnprove the 
concepts of current d間gn me由ods. Several r回曲rches have been carried oul to 虹旭Iyze the 10csio08l re筍xm扭
曲d 10 develop the 叩propriate d曲gnpr宙間s. This paper propo阻s a displacement-b曲。d design method for pl曲
曲折nmetric wall systems 10 overcome the Iimitations of current seismic d閉gn 叩de provisions 
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EXPERlMENT OF ENHANCING SEISMIC ISOLATlON SYSTEMS IN 

NEAR-FAULT AREAS BY US酬G MAXWELL-TVPE V1SCOUS DAMPER 

Lyan-Ywan L叫， Ming-Hsiang SHIH I , Ging-Long LIN2, and Shih-Wei YEH1 

SUMMARY 

R自ent stu刮目 have revealed that when a slidi呵 t曲lation system is subj阻ted to a near-fault 
earthquake that 咽ually contains a pu恤-l ike long-peri吋 vel阻ity wavefonn, the syslem may 
suffer from a low-frequency ~ωnance pr曲lem伽t can cau揖個 e晶晶slve I曲lator displacement 
and degrades the i曲lation e而ciency. In order to mitigate this problem, in this study, an isola徊。n

system witb supplemental vi“。晒 damping is investigated experimenlally. A hybr祠的。lation

system that 曲間的ts of a long-stroke fluid damper and a set of FPS (師ction pendulum system) 
的。lation bearings was 岫100 in a shaking labte tesl program. An element test perf<肘med on the 
fluid viscous damper shows the hysteretic property of the damper can be weIl character、自d by the 
Maxwell's vi鈍。叫 model. Acceleration rec。吋s thal eonlain long-period pulse-Iike wavefi。口n
were used 扭曲e input ground motio阻 in the shaking table test. The experimen叫 result indicated 
也.al adding 叫pplemental 洞"。由 damping in the sliding isolation system can effC(; tivèJy suppress 
the 即lator d呻lacement and mitigate the 悶。nant e fI'C(;t due 10 a near-fauh earthquake. without 
increasing the structural acceleration 間pon揖

K句"呻rds: Seismic isolation, Near-fault earthquake. V/Scous damper. Max附11 model, Sliding 

isolation, Shaking table test. 

INTRODUCTION 

The techno10gy of seismic i曲lation h臨 b由n developed for protC(;ting civiJ engineering struc個挖到s from seismic 
hazard for decad回 [ 1]. Some of i阻lated struc恤間酒 were even subjC(;ted to real-life ea巾quak回 回d proved that 
thei曲lation technoJogy is effc配tive in mitigatiog s仙.ctural se的mic responses [2, 3]. Neverthel自乳白白電"'" ve'Y 
few structur自 actually 阻.bj制吋 to near-fault 回rthquak聞自at p個S曲s very differeot wave characteristics from 
也由e ofusuaJ (far-field) earthquakes. 1bere are relatively few experim間tal stu刮目 00 the dynamîc respons閣。f

near-fault seismic i回101的四

The lilerature has shoWß that near-fault ea由quak目 usually have the following features 阱， 5): (1) a high level of 
peak ground acceleralion, (2) a large vertical ground mOlion, (3) a long-period pulse-like waveform, especially 
in velocity field. The pulse-wave comp。由叫， whose pulse period usually ranges from 2 - 5 時COO曲. can be ve可
d閏lructive to 甜uc旭ral syslems of 10ng vibration periods, such 田 high-rise buildings and base 的oJated

structUl'自 Recenl studies have 間vealed 也al when a sliding 回lation system is subjected 10 a near-fault 
eanhq圓ke that 閣ually contains a pul揖 like long-period velocity wavefonn, the system may suffer from a 
10w-岔開ue臨yre曲闆恥e problem that 曲n cau唱 an excessive Îsolator displacement and degrad曲 the 的。lation

efficiency 駒， 7， 8)

100吋.er to prevent 曲e excessl浦路。lation r自ponse induced by the Jong-period pulse vel阻ity wavefonn in 

, p，前'SS0r. Depar/m酬。I[Consfruc/iofl Engifletring, Nalionol Ka耐，.句 Fir$/ Uflivers砂 01缸"問捌d Ttc1lnology, Kaohsiung, Talwan 
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CYCLlC LOADING TEST OF FRICTION-TYPE REINFORCING MEMBERS 

UPGRADING WIND-RESISTANT PERFORMANCE OF TRANSMISSION TOWERS 

Ji-Hun Parkl • Byoung-Wook M∞計， Kyung-Won Min3, Sung-Kyung Lee4 

SUMMARY 

Two types offriction-type reinforcing members (FRM) are proposed for the pwpose ofupgrading 
叫nd闊的岫t performan峙。f a transmission tower and verified through cyclic loading 臨ts. First. 
a suitable installation scheme of the FRM is investigated through numerical analysis 
Tower-Ieg-reinforcing type and brace type 間叫lation schemes are examined，組d numerical 
analysis shows that the latter is more effective due to the vertical cantilever type behavior of血e
甘ansmission tower. B曲ed on 曲的 E晶ult， two types of the FRMs. dissipating energy in slotted 
bolted conn研討ons， are proposed. The one util眩目 the relative displacement between the FRM 
and the tower leg, and the other utilizes that between the separated an刮目 00由isting of the FRM 
as a slip deformation of the slotted bolted connection. Proposed FRMs are installed on 臼ch lower 
leg ofthe I且 scale substructure models of an actual transmission tower body. From cyclic loading 
tests, the latter type of the proposed FRMs dissipales ene咆y more effectively and is less sensitivε 
10 也e work tolerance and initial deformation 

Keywords: friction damper, s/otted bo/tedωnnectlOn， transm /SSlon tower 

INTRODUCTlON 

Many large-scale transmission to峭的 have been constructed , as high electrical transmission capacity is r，叫urr吋
for effective supply of electrical power. When. typh凹n. ‘Maemi' ， sw叩t Korea in 2003 , nine transmission 
towers collapsed, three were damaged severely and, as a result, m曲y industrial pl個ts and other infrastrucrure 
was paralyzed and enormous economical loss was caused. Al帥， prior to typh∞n. ‘Maemi'， manyexisting 
transmission towers have been relrofitted acco吋ing 10 revised design codes reflecting change of enviroMlental 
∞吋"帥， such 閏 wind pattem and velocity. Transmission towers located in an open terrain such 扭曲ore or 
plain ar電 oxpo時d to strong winds and those located in mountaino田 ... 晶IS undergo a wind speed-up effect over 
hills or escarpment. Especially，他也ulen巳'"間。d by ∞mplex terrain e叮軒ts in mountainous ar四SI臨時晶e the 
dynamic component in the wind loads. However, to date most retrofitting practic目 fortransmi翩。n tow師 have

employ吋 only static approaches such 晶 increasing member 甜甜on area or shortening effe<沈ive member length 
by additional members [1]. BUI, for wind loads wi血 a 101 of dynamic components，“曲曲cing energy d間tpatton

capacity inco中orating with static retrofil could improve winð-resistant performa間e of the transmission tower 
effeclively 伽"Ough the supp聞組on of dynamic respon時 amplification

Existing studies on retrofiuing 甘'ansmission towers are given as fo l1ows. Albermani et al. proposed several 
retrofiuing meth。曲， which work as a diaphragm 曲d constrain out-of-plane defom酬的n of each face on the 
transmission tower, and verified their perfonnan開 through experiments 個d numerical analyses [2). BaUista et al 
investigated dynamic characteristics of the integrated structure composed of a tower body and transmi抽on lin曲

曲d applied a pendulum-type tuned mass damper to reduce dynamic respo由e of the transmission tower [3] 
Kilr'目 2田taJJ甜 vibration abs。而ers to members in transmission tower arms to miligate fatigue phenomenon 
under low Jevels of vibration caused by wind loads and reported 也eir economical advantage over exi甜ng
method such as changing critical members [4). Xu et al. and Qu et al. verified vibration control performance of 

I Full lime feclUrer, Unîvenity of lncheon. E.m耐必且虛虛且血但且ιk
2 Gr，呵ualeSludenl. Department oJ Archilec伽'rof Engîneeri略加翩。k Univer5瑚 Ko岫
J A仙，oc腳P叫(mor; Depa咖仰loJArchile伽rof Engineering. 曲，'，凹.kUn岫嘲 Korea
4 岫圳gA5Sislanl Proj叫or， Department of A 吶leclUraf Engineering. 臼"ω'k UniverJ瑚 Ko間
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USINGAN EQUlVALENT FIXED BASE MODEL TO INVESTlGATE THE EFFECfS 

OF SOIL-STRUCfURE INTERACfION 

Cheng-Hsing CHEN1 and Shang-Yi HSU2 

SUMMARY 

This paper is to investigate the effi軒ts of Soil-S甘uc仙re Interaction (SSI) on the dynamic re可油田e
of a 曲il-structure system. A model with a simple structure supported 00 elastic half spa間的
utilì~划 ω derive the factor f.鉛I that c血 ∞mplelely repre揖ot the effects of SSI. This factor 
characterius the alteriog of predominaot frequency and damping ratio of the syslem when 
compar吋 ω the conventional rigid-base type structural analysis. B的ed on 山風 an Equivalent 
Fix吋-Base (EfB) 恥吋e~， which takes Ihe effecls of SSI into account , can be constructed. Field 
test results are then used to veri句也e applicability of the proposed EFB model 

Ke，..呻rds: soi/-slYUcture interaction; equivalent f lXed-base model; Hualien large scale seÎsmic 
test; forced vibration test. 

INTRODUTION 

In engin曲ring practice, a rigid-base model is often used 10 calcu)ate the response of a structure 阻bjected to 
earthquake excitations. This kind of個alysis is bωed on an assumption that the defonnability of foundatìon 曲i ls

can be i但oced， 扭曲at the interaction betwee現 the structure and supporting soils is negligible. It is re的。nable
and praclical for conventional structures such as residential houses. However, for a massive structure founded on 
甜食 groun乳白e e位cts of曲“ structure interaction (abbr. as 5凹， thereafter) wil1 si酬的cant1yaff，叫 the resp。目@

。f stru曲Jres. The inertial interaction resulted from the mass ine的“ 。f slructure and the kinematical interaction 
m阻Ited from the foundation scattering 紅-e lmp。“ant and wiJl alter not 0叫y 心e response ωnplitu缸， but a1so the 
m句>on盟 characteristics of the structur海 In the SSI a帥Iys i s， the ft岫damental is to 扭曲mble the system matrix of 
the enl回曲il-slructure system ar叫曲Ive the final re申onse directly. From the r自ults obtain，醋， itisve可 difficult

10 quanlify 也e influence of SSI on the structural respooscs. Therefo時， those kin啦。f 551 analysis can on1y be 
used 曲 a validating or ch配蚵ng anaJysis, and can not be a押lied t。 由e d曲Ign pro曲ss directly. 
To incorp。問他 也ecffi缸ts of SSI into 血e structural design, the most important issue is to quantify the effects of 
SSI for a 曲il-structure system. For d閏Ign pu中。銬， 泌 的 well recogni甜d thal the predominant frequency and 
臨時臼"吋 damping ratio are the key parameters for structural analysis. The former 的咽ed to locate where the 
maxlmum r由ponse will be, and the latter controls thc magnitude of maximum respo阻~. Based on such 
understandin缸， 曲is study aims at quantifying the cffects of S5I 00 a soil-structure system. Since the 
phenomenon of S5I is very complcx for a general structure with large number of dcgrees-of.freed.om, this study 
will usc a simple structure foundcd on elastic ha l f-space 聞 自e fundamental model to deduce how the 
predominant fr四uency 個d 臨S揖叫“ damping ratio are affccted by 也e efTecls of SSI. On聞 自由e \wo 

paramete時間 qu個tifi ed. for a 細1-，恤cture system, then an Equivalent Fixed-Basc (EFB) modcl, which 
includ屆 the effc個尬。fS剖 ， can 扭曲悶tructed . This 呵uiva lent model is actual1y a rigid-base model 也at can be 
回，nvenîently applîed. in a conventional structural anaJysis for engineering design 

1 Profusor. Deparlnrent of CMI Englnur的學 Nalia.甜甜wa" U"iver.Jity. TaifHι 10617， Tai糊n

1 Assoclale Research Fellaw. 岫帥."al Ct側紹rfor Res,“ rch 011 Earlhq叫'ke Engill'，. 冒 IIg， Taiwa" 
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STRUcrURAL SYSTEM ENABLING PROMPT RECOVERY 
AFfER EARTHQUAKES 

Yukako ICHIOK凶， S岫lmu KON02 and Fumio WATANABE3 

Note: Th is paper was submitted 10 The 14th J帖r1d Conference on Earthquake Engineering, October 12-1 í月 2008，

BeijÏn，ι China 

SUMMARY 

After experiencing catastrophic ear曲quakes in m句or cities worldwide in 1990's and 扭曲，乳白e

general public recog刮目d that 血e economica1 10ss due to the out-of-servi臼 period for repairing 
the damaged bui1ding was more significant than the cost to rehabilitate the damaged building 
itse1 f. The b曲e ，抽1ation system is one of the solutions to keep building functions after 
earthquakes, but the in山a1 and maintenance costs are too high to apply to all kinds of buildings 
The au曲。的 prop。時d a new economical structura1 system which enables prompt recovery after 
earthquakes using pr扭曲t prl自tre騎ed concrete frames with energy dissipating elem~ts. Precast 
prestr回甜d conc扭扭 structures show high se1f-centering characteristics wi血 negligible damage 
and enab1e prompt recovery, if the exce叩ve drifts due to nonlinear e1astic behavior are reduced 
by using some energy dissipating elements. The structural system with prec晶t concrete 仕am間

and energy dissipators satisfY the social demand with much le認 cost compared to 也別。fthe base 
吟。lation system. Th is paper introduces two types of the structural system and describes the design 
concepts. The focal poi呱呱 the optimi胡tion of se1f-centering and energy di阻pating pr可erties

An FEM model was developed to simulate experimen叫 results with high accuracy. From 血is

analys嗨， a simplified calculation method was proposed to estimate hysteretic characteristics of也e
structures with each types of the system. Fi回lIy， d間gn proc吋叫田 for optimization of the 
restoring perfonnan臼 and the amount of ene咆yd的slpato悶 were lR抽血阻d

Keywords: Precast prestressed concrete structu月 Damage control; R由idual deformation; 
Energy dissipati帥1; Optìmization ,of hysteresìsloop 

E喝TRODUCTION

When major earthquakes attacked major citi目 in the world in 199。這 and 2000's, even if structures do not 
collapse, many damaged reinforced concrete (RC) buildings did not function continuously without long tenn 
r可air period. The 目onomica1 1055 in this period was more serious than the cost to rehabilitate damaged 
buildings. Though conventional seismic d咱也n codes requ江'e little or no damage for minor or medium 
個民hquakes and prevent collapse of structure濁 for m甸回 earthquakes ， the demand of soαety is shifting to 由e
higher 1evel. The general public started to pursue structures which experience no or minor damage, h開ce

ne臼SSltat，目 no repair, and can be used immediately after the earthquake rega吋l目s of its intensity. For this 
reason, the base isolation system has been attracting 副總ntion. However, the base isolation system ordinarily 
needs much higher initial 曲d maintenance cost and ìt is not ve叮 realistic to app1y them to all 曲巾。f甜uctu間

I JSPS Re:sea，叫 Feltow DC, Ph. D. cand.抽le， De，.肌 of Archilec個re and A叫做'Clllral Engineering, Kyo的 Universiry. Japan, e-maU 
也;chω如~rchl，。似'o-u.acJP
;如帥te p，啡':ssor. 蚓圳叫岫仙"呵叫ileClllral Engineeri略 Kyota Un;vers嘲必帥叫“ 1: kon呻a耐恥叫叫P

Proftssor EmeritU!i. Dept. of Architec閥 ""d 蜘hitectural Engineerin，ι Kycto L峭的，似 J啊啊，耐u.
watonabefumio@Úlkenaka.cojp 
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MODAL PARTICIPATION FACfOR ESTIMATION BASED ON VIBRATION TEST 

Hongjin K.I肘 ， Je-Woo Par~ and Jae-Seung HWANG) 

SUMMARY 

The 1個d distribution to each mode of a struc叫了'e under seismic loading depends on the modal 
participation factor and thus the exact 唱timation of modal p甜icipation faclor is essential t。

analyze the 髓的mic response of a 甜ucture. The modal participation faclor is not a unique value 
but varies d申ending on 血e nonnalization method of mode shape veclOrs. The modal 
participalion faclor of an idealized analytical model, however，的 d;而erent to the actual one due to 
modeling and cons恤clion error. Therefore, there exist limits on the estimation of actual behavior. 
In this study, an identification procedure for participation factor based on vibration test is 
propo甜d. The modal participation factor is obtained from the relationshψbetween observabi1ity 
matrices realized from system identificalion. Using the observab i1ity malric曲， it is possible to 
transfonn an arbilrarily identified stale space model obtained from the experimental data into a 
state space model which is defined in a domain with ph抖ical meaning. Then, the modal 
participalion factor can be 目timated b晶ed on the 甘ansfonnalion ma甘ix betw帥，棚。 stale 甲ace
models. The pro:仰自d procedure h晶 aD advantage 曲al the modal participation factor of 必e

modes that are normalized 岫 a certain elemenl can be estimated from 山e re睡。n自 of the 
c。何自ponding floor withoul knowing r田po間:s of other fl∞rs. Further, the mode shape v，目的r
C叫 “回 h甜itnatcd direct1y from the experimenta l1y estimated modal participalion factors. The 
numerical simulation is perfonned to evaluale the proposed procedu閃， and the resu1ts show that 
由em吋al participation factor and mode shape vecto路 are 目timated from Ihe structural respon揖g
accurately. The procedure 的 .1曲 ap阱，吋 to the experimen叫 dala obtained from the shaking lable 
test of a 由四"。可晶晶r building m叫el

Keywords: Moda/ participation facloπ Mode shape. Syslem identification 

INTRODUCTION 

四le mo也1 participation faclor is a c揖fficient lha! r，叩resents how the ground acceleration is d的tribuled to each 
mode. This is because Ihe inertial force, which is generaled by the ground acceletalion and the ma鉤。feach fl曲院

is distributed to each mcde through the modal participation factor for typical bui1ding slructure. For this re閻明，
the method to caJculale the modal participation factor for 曲e seismic analysis is presented În many references in 
血e area of dynamics of structures (Clough and Pe叩開， 1975， Paz and Leigh, 2004) 

The exact estim酬。nofthem咽.1 P副icipation factor is 間揖ntial in seismic analysis and d間gn ofa stn且cture
TIlls 的 because the m咽al participation factor has a significant roJe both in 自t1matlßg an accucate r四個由eand
in d的gn. Kim and Choi 扭曲6) presentcd a nonlinear static anaJysis procedure for the design of supplem間包叮
dampers thal uses the modal participation factor of the fundamental mode to obtain base sheac versus roof-sto可
d且splacement capacily cu何ε 。f a structure from pushover analysis. Park et al. (2007) proposed a factor吋 modal
combination method for accurate predict且on of the ine lastic eanhquake re中onse of a struc仙re by 俱1Shover

IIssislom丹吶~ssor. Sdroof 0/11"闕iltc{u~ &. Ci ~jf Eng的問"他 K知哪鬧清 Nal;O個f Uni~ers嘲 Ko間，哪ail: hjk@切u.oc. kr
; cr恤a叫咱"制叫圳叫i<<<ω~ &. Ci~il Enginetr呻 K""叩叫NOlionaf恤叫削ty. K.們吭 ，耐11: unmt!ω呻枷且b

IIssis帥，p，問{essor. Sdr曲1 0/11阱 iltC側 T. Ch酬"om 岫IiO個/uo叫nl似的~o.t 岫il:jsh附帽@jnu.oc. kr
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SECANT STIFFNESS ANALYSIS METHOD FOR EARTHQUAKE DESIGN OF 
REINFORMECED CONCRETE STRUCTURES 

Hong-Gun PARK 1, Chang-Soo KlM2 ， 個d Tae-Sung EOMJ 

SUMMARY 

A Iinear analysis method using reduced secant stiffi苟明 was developed for inelastic earthquake 
design of reinforced concrete structures. In the proposed meth吋， the b個m-column element and 
plane element, which are the same 晶 used in ∞nventional el甜tic 曲alysis， are used for structural 
modeling. Based on the structural plastic mechanism intended by engin曲丸 the distribution of 
inelastic members is detennined. The secant stiffness of the inelastic memhf:目的 detennined

based on the target ductility of the structure. Inelastic 甜開gths of the members are calculated by 
岫ing linear analysis on the structure modeled with secant 甜甜less. PI甜tic rotations in the 
inelastic members are calculated with the nodal rotations resulting from the secant 甜甜甜油
analysis. For veri6cati咽， the propo間dm叫100 was a呻Iied to the inelastic earthquake design of a 
moment-resisting frame and a dual system 

Key.呻rds. 帥.thquake des嗯n; Iin甜r ana/ysis; secant stiffn帥 inelastic behavior; 間，恤陀~ed

concrete. 

INTRQDUCTIQN 

General旬" struc才ures are designed to exhibit ductile behavior under strong earthquake 百lerefo嗨 in the 
earthquake d個ign of structur，間， it is neces祖可 to directly address a sound plastic mech甜的m intended by 
engineer. In most of modem design cades, the equivalent static d阻ign methOO 晒ing elastic analysis and the 
respon盟 modification factor is used for earthquake d閻明。f structures. However, safety of structu間 und... 
large inel曲tic deformation cannot be accurately evaluated by using el晶tic analysis. Further, the re睡個揖
modification fact凹" which is prescribed according 10 structural typ剖， does not directly addre唱也e effect of 
ac心al ductility of structures on 血e design 闊前hqu曲:eload

For inel甜【c earthquake design of structur肘， conventional non1inear analysis c血 be used. However, since 
conventional nonlinear analysis is a pure analysis method, preliminary member d間ign should be prepar吋 for

nonlinear analys嗨， and the pl回tic mechanism intended by engmeer cannot be directly ad也電路ed. Therefore, for 
economical and 阻fe desi阱， nonlinear analysis and redesign should be repeated. Particularly，品r 3-dimen間。阻l

analy帥， mOOeling for nonlinear analy臨 is very complicated. In most of analysis software, nonlinear analys的
cannot be perfonned for structures with 3-dimensional walls. For this reason, despite i的 technical disadvantages, 
由e equivalent static methoo is still popular in design practice b目a阻e of its convernence in analysis and des甲1

In order to dir叫Iy address the effect of the inelastic behavior of s山C旭間， secant 甜甜闊地 analysis methods 
have been studied. (Priestley 1996, Shibata et al. 1976, Iwan el al. 1979) However, the appli臼tion of existing 
S軒an! 甜甜"曲 methods has been limited because they require the use of個 idealized s曲stitule Slructure with 
single degree of freedom, or because inelaslic defonnation of members cannot be evaluated 

In Ihe paper, a secanl stiffness anal抖的 method was developed to exlend the application of secant stiffness 

I AS$ociale P呼'$$01""; Depl1ftmenl圳rchiteclure， Seoul岫1;01'/01 Universit;忱的rta， e.mai!: parkh，時snu.ac.kr
; GF呵'uole Stud叫品阿棚I/IO[Archileclure, Se，叫岫伽alUni啪啪 Korea. e 岫i!:m曲nOJ@帥祖b

Full.lime Le帥rer. De戶F帥en/o[A 叫iteclUre， Ca/holi冶 u，附"砂 ，jDo句脫 Korea， e.mai!: lSeom@恥~."
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APPLICATION OF ON-LINE RECURSIVE LEAST-SQUARES METHOD ON 
PARAMETER IDENTIFICATION OF STRUCTURES SUBJECTED TO 

EARTHQUAKE EXCITATIONS 

Shih-Yu CHUI and Shih-Chieh L02 

SUMMARY 

An on-Iine recursive least-squares (RLS) identification technique is ap中lied in this study to 
identify the dynamic parameters of structures subjected to earthquake loadings. Based 00 the 
framework of adaptive control, the ob時rvatiO喵缸-e obtained 時quentially in real time. It is 
desirable to perform the identification tasks recursively to save computation time and to be able to 
observe the variations ofparameters in real tìme. Computation ofthe least-squares 自tlmatlon c個

be arranged recursively 阻 that the estimated parameters at previous step can be used to predict 
the responses at current time. The one-step 曲曲d p'吋icted error betw開n estimated respon揖個d

measured respon揖 is calculated by the RLS method and the dynamic properties of system can be 
identified 揖 well. The pu中ose of this study is to apply 血e RLS method in disc油te-time and t。

perform the identification procedures on a single-deg時e 。ιfre吋om system and a three-floor 
b曲chmark building under earthquake excitations. The idenlification perfonnan扭曲al ðepends 00 
the initial conditions of the Kalman gain vectors as well as the selection of appropriate 
exponential forgetting factor is addressed in detail in 曲的 study.

Keywords 砂'Slem idenlification; adaptive ident~昕cati帥 recursive leasl-squares identification 
techniquι 

INTRODUCTION 

The aim of system identification is to find a mathematical model and to determine its parameters 聞ing the input 
祖d oulput signals. Generally speaking, system identification algorithms fall into two categories depending on 
whether they operate on the data in time domain, or in the 齒。quency domain. Frequency-dοmain algorithms 
involve averaging temp。目1 information, thus disc紅.ding most of their details. For structural systems wh。時
parnm酷的 are expected to degrade with time, this trade-off of temporal information for frequency information is 
not always justifiable. Over the p曲t decades, a few time domain methods have been transfeπed to civil 
engin開ring applicatio間 (Shino血ka et al. 1982; Ghanem el al. 1991). The discrete-tîme method 加叮stem

identification based on linear filtering and leasl-squares estimation was discussed by Loh and Lin (1 996). 80th 
recursive least-square method 但LS) and adaptive forgetting 也rough multiple models (AFMM) (A甜的on 1985) 
with respect to ARX model are adapted as on-line identìfication scheme. Using the seismic response data ofthe 
V個 Nuys seven-story buildi呵， the m。也 I frequency and modal damping ratio of Ihe fundamental mode are 
estimated by the on-line RI..S. It was pointed out that different values of forgetting factor may give different 
resu1ts for the 叫imation of the m吋al parameters. Moreov，缸~ the id，叩tification results of the off-line 
identification techniques based on the first initial time segment are used as inilial values for the on-line 
identification. Several unr'扭曲間Ible results are observed: (1) the identi自ed natural fr.呵uencies from each seismic 
event 切 another are not consistent; (2) the time variation of the identified damping 闊的 during the 晶割 10 時c of 
the record changes too rapidly. ln view of detecting rapid changes of modal parameters, the AFMM meth吋 W飽
applied. AI血ough the identified fundamental frequency a吋 damping 別的 from event to event are mo閃
閃蜘聞Ible 曲an the resul尬。btained using 由e RLS method. No analytical analyses are perfonned for both 

I AS$岫ru Professor, NCl加nCl/ CJreng Kung UnÎl'ers剛給帥n， e-mClil. 研仙@mail.n神帥~
1 PIr.D. CClnd抽".岫IiClna/ CIt呵 K叫 UnÎvtl'$Îty， 7bi~呦...岫i1: n689510咿間/，nckll.l'd叫
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AN EFFICIENT ANALYTICAL MODEL FOR DYNAMIC ANALYSIS OF T、;\，0

HIGH-RISE BUILDING STRUCTURES CONNECTED BY A SKY-BRIDGE 

Dong-Guen LEE1 ,Ah-Ram YANG2, Hyun-Su KIM3 血d Hyun KO'‘ 

SUMMARY 

Recently, a sky-bridge is frequently introduced to adjacent high-ri扭 buildings 扭曲 escape route 
in lhe event of a fire or other emerg叩cy. Sînce vibration problem in high-ri回 buildings subjected 
to lateral forces 個curs due to slender structural members, high strenglh 叩d Hghtweight materia尬，
a sky-bridge is used 甜 not only a an escape roule but al且 a vibration control device. Repetitive 
structural analyses are r叫uired 10 evaluale the effects of vario田 connection systems of 
sky-bridge. Generally,“me hîstory analys泌的血.ed 10 predicl accurate dynamic behaviors of 
high-rise buildings connecled by a sky-bridge because connection systems us岫lIy have high 
nonlinearity. However, if a finite element model for entire high-rise building structures is used for 
repetitive time history analyses, analysis time could be significant. In lhis study, equivalent 
cantilever model has been proposed for efficient structural analysis of high-rise building 
structures connected by a sky-bridge in preliminary d目ign. To consider more realistìc conditi。悶，
the effect of belt-walls 時間cluded. Two single DOF model connected by spring anä damper 的
回ed to investigate vibration control perform扭扭。f Iinked structures varying dynamic 
characteristics. An example building s酋uctures 帥 49- and 42-slory buildings constructed for lhe 
city of S凹ul， Korea. Two buildings 81可e connected by a sky-bridge at 34lh stor手An equivalent 
C個tilever model wilh a sky-bridge for th的 example s山cture is developed by the propo盟d
method. To verify the accuracy 血d effic時間y of the propo時d equi哺lent model, time history 
analysis has been performed for the equivalent model and Ihe original model subjected 10 wind 
load. Wind load used in 也is study 的。btained by wind tunneltests. Based on the analytical results, 
it has been verified 也at the proposed eq山valent model c曲 provide dynamic responses of 
building s刷刷res connected by a sky廿idge with a.∞un"y 個d efficiency. 

Keywords: Highrise building structur，白.; Equivalent model; TIme h叫ory analysis; S，句 bridge

INTRODUCTION 

After the World Trade Center trage旬， vertical evacuation systems have been one of the most impo巾ntresearch
topics for tall buildings. Horizontal evacuation al height is proposed through crealing sky-bridge Iinkag.由

betw田n towers. This is a good choice when vertical eva叫atìon routes out of lhe tall building 叫誨。ffin a ftre. A 
sky-bridge can increase lhe evacuation e曰“e'叮 wilhoul increasing the number of fire s包lrs. Th闊的 well
demonstrated in 血e Pe回nas Towers in Kuala Lumpur, Malaysia. These days, there are many big cities in the 
Asian region having so many high-rise buildings built c10sely togeth阻And， sky-bridges ar電 frequ凹tly used for 
tall buildings 甜甜 evacuation option. Vìbration problem in high-rise buildings subj閻健d to lateral focc時間cws

due to sJender structural memb帥， high strength and Iightweight materials. Ve可 often， such slender and tall 
buildings experience excessive wind-induced vib悶tion ， which will cause discomfort t。但cupants or even shatter 
windows. Vibration ∞ntrol of 他JI buildings subjectedωwind excitation has been studied extensive旬，個d
various types of control devices and algorilhms have been developed. Viscoel國tic dampers are frequently 阻ed

10 reduce lateral vibration of lall buildings subjected to wind or seismic excit帥00 because it is easy to install no 
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Response of Steel Moment Frames to Near~fault Horizontal and Vertical Earthquake 

Ground Motions 

Heui-Yung Changl, Lin Bo-Cheng2, Lin Chih-H02 and Ker-Chun Lin3 

SUMMARY 

The re曲nlly ∞C岫吋 great earthqu甜甜， such as the 1995 Kobe earthquake and 1999 Chì-Chi 
earthquake, reveal a fact that a moderate near-fault earthquake can cau岫揖vere vertical shaking 
During the Jast few years, a number of studi自 have been made on the near-fault venical sha祖ng

胡d 自 impacts on co阻甘ucted s甘uctures. However, few of them gave detailed attention to 曲e

interaclion between axial-force and moment in colunms. As a result, the e叮ects of near-fault 
vertical shalcing have not been complelely cJarified yet. Considering that, this study 甜sessed 曲d

compared the frame resp叫揖 lon曲r-fault horizontal and vertical earthq帥ke ground motions. The 
analyzed 6- 個d 20-story steel moment frames were designed for the seismic conditions of 
Chai一Yi City in Taiwan. The frame response was assessed using thr開 dime阻ional no叫inear time 
h的tory analyses with near-fault earthquake r閣。吋s from the 1999 Chi-Chi earthquake. An 
identica1 scale faclor was appliedωeach set of the ground motion components，曲d the horizontal 
shaking was shifted to the 1eve1 of d甜gn earthquake and maximum consid位.00 "'"曲quake

Fol1owing 血訓， the respons回 due 10 simultan聞聞Iy horizonta1 and vertica1 shaking were 
compared in detai1 to 曲。阻 due to horizonta1 shaking on1y. A simplified ap可proximation was a1曲
given to the 祖ia1 stress of co1unms subjecled 10 near-fault horizontal and vertica1 shaking 

Keywo,.ds: d.可'Onnation demands, steel moment frames, near-fault reco吋$， vertical shaking 

INTRODUCTIO啊

The recently occurred great earthquakes, such as the 1995 Kobe earthquake and 1999 Chi-Chi earthquake，問veal
a fact 也at a near-fault ground motion of moderale叫o-large magnitude can cause severe vertical shaking 
(Arnbraseys and Douglas 2003). This h晶間1阻:d serious concems, because the vertical shaking may Jead columns 
10 yield 血d fa i1 al 血 earlier stage. During the las! few years, a number of studies have been made on the 
near-fault vertica1 由此ing 個d 由 tmpac尬。n cons山cted structures (e.g. Pan and Nakashima 20肘; Kunn抽 et

.1 扭曲; Lin et al 2008). However, few of them gave de恤led attention to the inte間ction betw間n axial-force 個d

moment in colunms. As a result, the effects of ne過r-fault vertical shaking have nOI been completely c1arified yet 

To address the issue. Ihe pr.回en借d s1udy asse浴池ed and compared the frame re中onse 10 near-fal且It horizontal and 
vertical earthquake ground motions. Thr自-dimensional non1inear time history analyses were carried out for a 6-
個d 20-s切可 steel 。由ce buildings with 7 sets of near-fault earthquake records from the 1999 Chi-Chi earthq帥ke

An identica1 scale factor w品 appli吋 10 each sel of the ground molion components, and the horizontal shaking 
w.s 咄咄ed to the level of d自ign earthquake (DE) and m祖imum considered earthquake (MCE). Following 1恤，
Ihe r軒ponses due to simultan開岫Jy horizontal and venical shalcing were compar吋 in detail to those due to 
horizontal shaking on1y. A11 that helps gain a better understanding abo叫 the e叮ects of near-fault vertical shaking 
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MACROMODEL 

SIMULATING THE SEISMIC FORCE RESISTING MECHANISM OF 

MULTI-STORY SHEARWALLS SUPPORTED BY PILES 

M岫帥。bu SAKASHITA1 Fumlo WATANABE1 Susurnu KONOJ 個d Hito曲iTANAKA九

Th is paper was submitted to 14 WCEE held in Beijin，ι China，ρ旬m October 12-17, 2008 

SUMMARY 

Structural walls are support吋 by foundation beams and pil曲 that transfer earthquake-induced 
f臼'ces from the structural walls 10 the soil. In the current design procedure, the structural walls are 
nonnally assumed to stand on the solid foundation. This 晶sumption makes it possible to eval回te

the seismic behavior of each member ind叩endently. Howev釘.， Iß case 曲"曲e foundation beams 
don'l have enough strength and stif晶晶s to resist against seismic lateral forces, unexpected Iateral 
load resisting mechanism can be fonned. The resulting stre叫“ate may be completely different 
from lhat based on the assumption of the soHd foundalÎon 
This study aims 10 analytically cl叩fy the lateraJJoad resisling mechanism of the structuraJ wall 
system considering 曲e Înteraction belween the structural wall, the foundation beam and the piles 
One 25% scale specimen was modeled in two differenl ways. Difference of Ihe models was with 
。r without the p i1e foundation of the specimen 
The analytical models made c1ear the differences of the laleral load r間的ling mechanism 
Experime制aic且u1筒， such as hysteretic curve of 自e structural wall, defonnation and damage, 
could be simulated weU by the model with the p i1e fo叫苦dation. It was confinned that the behavior 
of the structural wall with the pi1e foundation could be simulated by the rotational model of 血e
wall-p i1e assemblage 

Keywol'ds: Structural waU; Foundation beam; Pile; Macro Model; !nteraction 

INTRODUCTIQN 

Typical Japanese RC mid-rise and high-rise residential buildings have multiple bay moment resisting frames in 
the longi他dinal direction and single bay structural wall systems in the transverse direction. The structural walls 
are widely used for buildings in order to provide high stiffness and strength against 駝的mic laleral forces. The 
structural walls are also supported by foundation beams and piles 也al transfer earthquake-induced forces from 
the structural walls to the soi l. In current design pr，個edur，間， the structural walls are nonnally assumed 10 stand 
on solid foundation. This assumption makes it possible to evaluate Ihe seismic behavior of each member 
independently. As extensive studi閏 have heen conducted based on this as仙m悍的n， design pr且edures 必r the揖

structural members are well est曲Iished. However, whether the assumption is valid or not is hardly confumed 
lfthe foundation beam doesn't have sufficient stiffl間甜甜d streng也 to regard it 甜甜 infinîtely rigid element, it 
is possible to consider the structural wall and 血e foundation beam as one structural wall whose base is supported 
by piles. ln this case, the resuIting stress state may be completely different from that based on the ass山nption of 
目Iid foundation 
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Cyclic Testing of 8racket and WUF-8 Type Weak-Axis Steel Moment Connection 

Kangmin LEE I, Hee TaekJEONG2, Seok Ryong YOON3, Eun Mo LEE4, and Kyung Hwan OHs 

SUMMARY 

Foci have been on the strong 酷的 steel moment conneclions after Northridge earthquake in 1994 
However researches on the seismic behavior of weak 阻四 moment connections could be hardly 
found, even though the曲 c。刷刷ion detai1s have been frequently 岫吋曲 seism的 details of MRF 
in Kor，曲Therefore ， the objective of this research is to provide beUer knowledgc on the seismic 
behavior of weak-axis steel moment connections that can be broadly ap祉icable 10 many 
s個ctures with simi1ar char那teristics. F扭曲的 pu巾。間， experimental program was designed and 
performed with 2 types of weak-axis steel moment conneclio間， bracket type and WUF-B type , 
based on the survey of the existing field data and liter濁.tures. Using the cxperimental results 
obtained from the qu醋i-static cyclic testing of 血e盟 speclme間， structural pe晶onnances of the 
joints sιh.的 hysteretic curv峙， maximum streng曲 capacities and strain of reinforced bars were 
mve馴gated. From the te叫 results. brackel type connection revealed to have more than 5% sto可
drift capacity 曲d WUF-B type connection, 4%. These specime由 .1目 revealed to have higher 
s甘ength capacities than the nominal design strength. The bracket type connection showed slow 
甜ength degradation after maximum strength was reseacct咽， however the WUF-B type 
connection showed rapid strength dcgradation causing briule behavior 

Keywo,.ds: Momentmoment re.心sting framt丸 weak 軒的 steel momenl connection, cyclic t曰“ng，
seismic evaluation, story d ,.ijt ratio 

l. lNTRODUCTION 

R目ognizing the needs for the development ofMRF connection details, SAC Joint Venture was initiated in USA 
With the almost 10 years researches, qualified MRF ∞nnection detai1s were propo揖d in 2000(FEMA-350) 
These re晶arches were mostly focused on the strong ax的 MRF connections because the weak 目is MRF 
connections were hardly used in USA. However the weak axis MRF connections are 合equently used 回駝的m.e

dctai!s of MRF in Korea. (FIG. 1) 

M一…白
白

…個
叫自

(a)Br吋惱。1寬 (b)WUF-8 type 

FIG. 1 Representative weak axis steel MRF connection details in Korea 
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Experirnental Study on Seismic Behavior of Interior CES Beam-Column Joints 

Tomoya MATSU1 J and Hirosbi KURA卸fOT02

SUMMARY 

Development stud悶。n composite Concrete Encased SI開1 (CES) s岫ctures composed of 刮目1

個d fiber reinfol'<間d concrete (FRC) have b揖n contiDuo回Iy ∞nduct吋 by Ihe aulhors. This paper 
P'"祖nts 扭扭perimental study on seismic peñonna阻e of interior CES beam啥。lumn joints. In 
也is study, four inlerior CES beam啥。1山nn joints were lest吋 under laleral load rever祖1. 血d

co由包刮目ial load t。敏1lSp Iheir failure mode, cracking damage, later百 1 load canying capacity 
個d deformability. Two specim個s with different failure m。缸， the beam yielding t叩e and 也e

joint shear failure type, were pr<句“咱 Other two specimens were Ihe beam yielding type 個d bad 
different 也ickness of panel web and f1ange around panel web in this test. The CES beam-column 
joints with the beam yielding had stable restoring cbaracleristic witb little damag<自Iß cover 
concrete until a large story drift 個Igle ofO.05 rad.. The CES beam-column joinl with joint p血0\
shear failure showed strength deterioration after reaching maximum strenglh at a drift angle 0.015 
rad.. However, falling of cover conc洞洞 was not ob揖rved at 也e joint panel regardless of not 
having reinforcemenl b缸"8， it is confirmed that the use of FRC facilitat閏 to control the damage of 
the joints. 1n addition, it is shown 也別山e ultimate shear streng曲 。f CES beam-column joint 
could be evaluated 聞mg 曲e calculation method in AJJ d聞研 standard for SRC structur田 m
comp甜甜n e ll:perimenlal maximum shear force with calculaled joint panel shear s缸ength

Keywords: Composile SlruCtUÆ; CES beam-co/umn joints; Stalic /oading test; Fiber reinforced 
conc，叫ι Sh甜rcapacI砂 magnificationfacto舟:; failure mode 

間TRODUCTION

Steel Reinforced Concrete (SRC) S側的X祖 developed in Japan have good structural perfonn個ce for r閏tslmg

lateral fo叩開 unpo甜 by wind and 叫'qua峙，個d 恤鴨 been adopt.吋 for medium-rise, high 帥，血d 祖per

high-ri且 buildings. However, the number SRC of 5恤c"""， c。由山cted h且 decreased since the 1990s. The 
d閻明揖 in the number of constructi。由 恤s been caused by the developm個t of a new struc恥ral engi田ermg

叮stem called the High-strenglh concrete s山cture or Concrete-Filled Steel Tube (CFT) structure, but the main 
m扭曲曲。ught for tbe causes of the decrease 的 the construction problems 曲at mcre臨 cons恤ctton co抽缸td

lengthen co肥lruc內的n schedules. Even 凹， it could be important 由at SRC structures provide better seismic 
performance in compari曲n 10 other s個ctural syslems 缸， the au曲。昀 aim 10 develop a structural syslem with as 
s∞d 醋的mic performance as SRC 甜uClm田 and good workability, and have conducted a continuing 
development study on composite Concrete Encased Steel (CES) s山ctur.閏 comp。揖d of st闊地 and fiber 
reinforced concrele (FRC) as shown in F啥也< 1 

In 曲 experimental study on CES col山茵茵 t且sing High Peñormance Fiber Reinforced Cement Composite 
(HPFRCC) conducted as a feasibility 5ωdy， it w回 con6nned that damages due to cracks and compressive 祖lu... 
were reduced under a large drift angle by回ing HPFRCC, and the restoring force characteristics of CES columns 
W祖 almost eq閣 1 10 thal of SRC columns. However, because HPFRCC is mortar, problems of initial 甜甜，.ss
r吋uction and sbrlnkage 叩pearcd. To improve tbese issues, FRC has been 閣ed for concrete in the studîes thal 
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BASIC EXPERlMENTS FOR DEVELOPING TUBULAR DAMPERS APPLlED TO 

BOLTJOINTS 

Seiji MUKAIDE1, Takuya ASAMITSU2, Motohide TAD針， 個dI晶o KOHZu' 

SUMMARY 

In order to adapt to ancbor bolts of exposed bases in sl揖I moment frames, we devise a hysteretic 
damper with tubular shaped st間I in a bolt joint. The damper is expected to deform stably to large 
plastic defonnation range after local buckling 田curs in the tubular part. In 血泊 paper， b值.e

experiments are described for tbe development of the devise. Firstly, monotonic loadmg test is 
conducted in order 10 investigate compr自sive behaviors of commercially available steel tub目
until the extreme condition. The test result shows that the tubes have high defonnation capacity 
while elephant-foot buckling events occur sequentially like 個 accordion. Secondary, cyclic 
loading test of the damper is conducted to inv，甜tigate deformation capacity of the damper whose 
ends are welded. The test results sbow that tbe damper fr官ctures before the damper reaches a large 
enough defonnation range as a hysteretic damper 

Keywords: hysteretic damper; local buckling; anchor bolts; diameter-to-thickness ra/;o; 
defonnation ωrpaCI紗'; /ubular shaped s/eel. 

INTRODUCTION 

A variety of 銬ismic dampers are utili甜d to reduce structucal respon阻 10 seismic loading. It is possible for 
"'50個 laslic or hysleretic dampe認 10 reduce s廿uctural 個dno目前uctural damage from seismic events. However, 
it is di由cult 10 design a s l自1 momenl frame which suffers no damage at column boUoms of the first slory under 
a sever earthquake. In order 10 adapt 10 anchor bolts of exposed-type column bases in steel momenl frames, we 
devise a hysteretic damper wìth tubular shaped steel in a bolt jo甜甜 shown in Fig.l. In the proposed devise, 
one end of the damper is combined with the nut，阻d the other is combin吋 wìth the base plate. When the 
column bottom is subjected 10 flex山'al defonnation, the damper is expecled 10 keep the other parts elastic by 
absorbing seismic input ene喀乎Therefo時， the damper must defonn stably 10 la啥e plastic defonnation range 
after I凹al buckling ∞curs in the tubular part 

J一刷 一…RC foodng 
一一一\

Fig.l proposed device 
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SEISMIC DESIGN OFTHE VERTICAL BOUNDARY ELEMENT 
IN STEEL PLATE SHEAR WALLS 

Chao-Hsìen LI 1, Chih-Han LIN2, Peì-Ching CHEN} and Keh一Chyuan TSAl‘ 

SUMMARY 

Thîs paper prop晶晶 a capacìty d曲ign method for the first story vertical boundary element (lF 
VBE) which 自由e first sto可 colunm adjacent t。也e infill steel panel of a steel plate shear wal1 
(SPSW). Th is design 時quirement is to ensure 心at the plastic hìnges fonning at the bottom 扭曲
。f the IF VBEs when an SPSW develops 自 pl揖tic m軒hanism. Several undesirable inelastic 
E自ponses r四ulted from weak ftrSt st。可 columns were 曲曲rved in the p揖t experiments. It is 
presented in 血泊 paper， including: (1) a plastic hinge fonning within the colußUl height; (2) 
soft-story mcch朋ism taking place at the first sto可; and (3) 。凶。ιplane flexural buck.ling of the 
column. Analytical studi晶 on the inelastic resp。閻明 of the weak columns were c個叫ucted in this 
'"揖arch. The inelastic column r田pons揖 and 也 effccts in SPSWs 間由 hinging 必nning În the 
mid-height of 由e first-sto叮 column are presented in this paper. The paper confirms the 
effectiveness of the proposcd capacity d目ign method by evaluating a number of p甜
experimcntal test r.目ul~

Keywords: steeJ pJale shear wall; SPSW; capacity design; 問'rtical boundary element 

lNTRODUCflON 

A steel plate shear wal1 (SPSW) co酷的ts of infill panels 曲d boundary elements. The beams and columns 
surrounding the infill panels are called hori回ntal boundary elements (HBEs) and vertical bo叫咱ary elements 
(VBEs), respectively. An SPSW can effectively resist horizon叫 earthquake forces by allowing the development 
of diagonal te仙的n field action after the infill plate buckle in shear thereby d由ipating eartbq岫ke cne曙y

也m也許也e cyclic yielding of tbe infill plate in tension. The ∞nc叩t of using the post-buckling 甜四評h ofthe 
steel plate to r明ist the earthquake fo比自 W扭曲"8t propo必d by Thorbum et al. (1983) 甘le method of calculating 
the angle of the tension field action a has been d巳，veloped by Timler and Kulak (1983). The boundary beam and 
coJumn elements are responsible to 四chor the tension field action of tbe fully yielding infiU plat目Except for 
the pl甜ic bing閏 forming at 也e boundary beam ends and the bouom er曲 。f the first st。可 boundary ∞lumn乳

白e remaining parts of 也e boundary elements are r明uired to remain elastic under the forces generated by the 
fully yielded plates. There have been a number of stud問品cusing on the capacity design of the bound缸y
elements. Bennan 阻d Bruneau (2∞3) employ吋 plastic 四alysis methods for SPSWs. The 臼Ipacity d曲gn
method for the top beam h自 b目，，，他died by Vian and Bruneau (2005) 甘le design guide for SPSW was then 
introduc吋 by Sabelli and Bruneau {2凹的 Park et a l. (2∞7) studied the capacity d目ign method for the columns 
Many experimental studies on the muhi-story steel plate shear walls have been conducted {cacc間eetal. 1 9的，
Driver el a l. 1998; Lubell et al. 2似刻; Behbahanifard et 01. 2肋3 ; T:值ielol. 2帥6; Park et al. 2叩7;T甜甜d Li. 
200的 In some te拙. the 師lure m吋es of the SPSW specimen were govemed by the excessÎve yielding or 
buckling of血e first sto可 vertical boundary elem個~ (IF VBEs) 凹的 paper proposes a capacity design m帥。d
for the 1 F VBE to ensure the plastic hinges fonning at the boUom ends. In this paper, analytical eval閣tions of 

I Assislanl Resea叫 Ft{/ow. Nalio l1al Ctnltr for Rtstarch an品啊叫，面也inetrillg. 1àipei 甜"珊 e.mail: r:h /，唔ncrrt，呵
;岫岫111 Restarch Fefloll'. 刷刷af Cel1 ler for Rue間h棚晶啊叫t Engillf!tri略加戶，而圳 ，岫11. 岫UJ食?呵

曲Ulafll Resea.岫 Ftflow. Naf酬afQl1 ltr戶.R.間也叫開晶們的句“u Engillf!tri略 Tai，戶'Î. Tai咽吭，也耐 il: pcden@帥，呵
• Profi凶。r. Dt，戶rlme"， af Civil 品g帥甜-;"g. M削onal 施州飢恤iversify; DirrClar， 抽t刷。I Ctnltr for Rtsearch 問品，的quau

Enginetri"，ι Toipe，ι7枷'al1. t.mall: Icctsai@ncrre. o，月2
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A PLASTIC HINGE MODEL FOR NONLINEAR DYNAMIC PROGRESSlVE 

COLLAPSE ANALYSIS OF WELDED STEEL MOMENT FRAMES 

Cheol-Ho Lee l, S即開間ng Kim2 , and Kyungkoo [.eel 

SUMMARY 

In this s他旬" a parallel axial-flexural hinge model capable of representing the interaction effl目尬
。f 且ial force and moment is proposed for a simplified but accumte nonlinear dynamic 
progresslve ∞llapse analysis of welded steel moment fram間 To this end, the behavior of 
double.span beams was firsl inv自tigated b;目<d on 曲e experimentally validated material and 
g間metric nonlinear pamme回c finite element analysis. A multi-Iinear point hinge model which 
cap他自s the moment-axial tension intemction was then prop。自d. The emphasis was to develop a 
reliable and ∞mputationally effic間lt macro-model for pmctical progressive collapse 阻alysis
The appli闊lion of 由e proposed model to nonlin<目r dynamic analysis w臨i1h凶mted by us ing 
OpenSEES program 甘le accumcy as well as the e由cîency of the proposed model was verified 
based on inelastic dynamic finite element analysis. The importance ofincluding calena叮 action to 
assure proper progressive collapse res叫ant analysis and design w晶刮目 emph臨ized

Keywords: progressive collapse; steel moment fram帥; plastic hinge; moment-axìal tension 
interaction; nonlinear dynamic ana~凹的

INTRODUCTION 

Progressive collapse may be described 揖 the 叩read of 個 initial 10曲I failure from e lement 10 elemenl, 
eventually resulting in the collapse of an 凹tire structure or a disprop。耐。閻健Iy large part of it (ASCE 2005) 
The most viable design approach to resist progressive collapse 渴盼 provide su田cient redundancy and ductilily 
in the structural system such that surrounding stnJctural elements could mobilize their reserve capacity 10 bridge 
over the damaged area. In this sen曲， ductile Sl揖I moment frames may be a good structural system 10 r回isl

progre叩ve ∞lIapse
R阻ent d回ign procedw四 to mitigate the polenlÎal for progr田sive collapse in structures can be fouod in the 
d阻gn guidelines issued by the U.S. General Services Administration (GSA 2凹苟且d the D叩artment of 
Defense (DoD 2005) 甘le direct method, or lhe altemate palh method is preferred in these deωgn guidelines. In 
lhis metl咽 ， a single column is typically assumed 10 be suddenly missi嗯， and analysis is conducted to determine 
whether or not the structure can bridge across the missing colwnn 
Experimental and analyti且I srud峙。n 血e progressive collapse behaviour of st揖1 moment fram回 have 世間

conducted recently under the missing column scenario. For example, full-scale subassemblies of steel momcut 
frames in double-span configurations were lested pseudo-statically by Kams et al. (2個由 in order to identify 
beam-to-column connection systems capable of arresting progressive collap揖Khandelwal and EI-Tawil (2007) 
numerically invcstigated 揖veral critical d間，祖祖riabl閏 that c抽 affect the formation of catenary action in 刮目i
sp目ial moment fr訕訕晶 甘lCir numerical study demons回t吋 the ductility of seismically-d開伊吋苟間ial
momenl frame connections and the ability to deform in catenary m吋e. Hamburger and Whittaker (2似)4)

I Pro/tssor. Dtpt. 01 ArchiltC/urol Enginuring， 卸.ulM創酬01 Unlvers砂 K"楓 t-mojJ 曲曲喝地u且
1 Grøduo/.叫他dtnt Dtpl. of Archittcturol Ð咖uring. Seoul抽t酬。J恤il'tnllj肌 K個o. e.憫iI 包圍lJJIDS.且ιk
• p~吋呵帥f restarcAer. Dtpl. of Archiltcturo f &gi闡明唔，Seouf No/ional恤間n嘲 KtHYa， e.mall: U但ÙJj包... 且k
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SEISMIC BEHAVIOR OF HYBRID SYSTEM 、~ITH
CORRUGATED STEEL SHEAR PANEL AND RC FRAME 

Masato 001 1, Yukako ICHIOKA2, Yoshihiro OHTAl• Su的umu KONO. and Fumio WATANABEs 

Note: This pllper WIIS submined to 14WCEE, Th e J.(" Wor/d Co~φ'rence on EarthquDke Eng;neering October 

J2-1 7, 2008, B eij;ng, China 

SUMMARY 

This res間rch aims to p叩開甜 甜 economical seismic r且，ponse controlling syslem of RC fram閏
唱mg ∞rrugaled steel shear p阻els (CSSP). This hybrid sys阻mw晶 。riginally p叩開時d by Mo 
甜d Pemg in 20∞ In 曲的 study， their system was revised and new hybrid syste m w且 proposed to 
prove that the shear曲pacity and stiffn目:s of CSSPs can be fully ulilized ifsufficienl anchorage is 
provid吋 In 個 expenmen叫 phase， a slud-type anchorage o ften u揖d in bridge box gi吋ers w回

empIoyed. The 恤havior was stable if the number o f sluds salisfied the Japanese design guidelin閏
The behavior after buckJ ing of CSSP was duclile and degradalion in lateralload carrying capacity 
was about 油站 even al 5% story drift angle. However, even spec自mens with half numher of studs 
showed the similar behavior. AlI hybrid frames sh仙吋 more than 30% increase in lateral load 
carrymg 回paclty 晶。riginally designed. In an analytical phase, the analytical model proposed 
well simulated the beh肺的時 of frames with different anchorage o f the shear panels, considering 
theeffc自tlVe ar目。f CSSP which carri自 the lateral Joad 甘lC analytical r，曲曲曲。wed that CSSP 
eam間 more than 90% of ils shear capacity evcn if Ihe panel bas the half number of s仙也
determined by 曲e design guidelines. This study proved 由al CSSP bas a potential 10 make a main 
structural component 10 caπy lateral load. The use of CSSP in building structures has just begun 
in Japan 

K句I'WOrds: Corrugated stee/ shear panel; Jmprovement 01 ductil旬'; Damage control; EJ悶得<y

dissψ'ati帥; Frame alUl~凹的

INTRODUCTlON 

It is a common praclicc to use reinforced concrete shear walls in reinforc吋 concrele structures to maintain high 
lateral load carrying capacity and 甜甜leSS. Howcver, high laleral 甜甜lCSS with brittle ultimate failure mode of 
RC structural waJls often requires high laleral load canying 個pacity according 10 their 扭的mlc respon揖

characterislics. In order 10 improve Ihe dUClilily of reinforced concrete shear walls, some cfforts have been made 
such as 間ing low yield strength reinforcemcnt and introducing slits but the ducti lily enhancement w曲聞tve可

prominent. Use of steel shear walls in 0吋er 10 IßC扭曲e ductility has some decades of research hisl。可 ln 1973 , 
Takahashi et al. (1 973) s仙died thc characterislics of load-defle帥。n relalions of steel shcar walls obtained 
cxperimentally and r甲。rted the cfiì間ts of configuration, width-thickncss ra仙， stiffe帥 rs' sliffness, etc. on the 
l個d-dct1阻lion relati。抽 Sωd悶。n st開1 sh且r walls have beell ∞ntinued since 也叩 by Gac曲揖 V (1993) and 
Driver ( 1998). How啊肘， flal sleeJ shear panels 蛤揖d stiffene時 10 prevent plalc buckJ ing, 1曲ding to the incr目總

I Grodwatt Studtnt. Dept. of Arr:hittcfUf't and Arr:hilec:tural sySftms. Kyola Uni.... Japa夙 t-mail: rr:血 @o~h峙IOlO-u. ac:Jp
2 月 D. c:and岫It. Kyoto Univ.. JSPS Rtst arr:h Ft/low DC.. Japa爪，岫iI; rr:.idr仿制曲。'rr:hi秒。伽M叮P
J StI'UC. 帥I Enginttr. Takenaka ReSt頃，它h & Deve旬，開'nl lnst山le. 7àkenaka Corp.. Japan. t-mail: oh旭.yoshih間申σ'keno/co，ω'JP
• AssocíOlt Proftslar. Dept. 0/ Archiltc/uf't and Arr:hÎltcω叫啊Itms. 1(祠的恤t凡 J酬，..耐成枷o@a~h峙酬。此u.aCJP
J Profes，附 Emtril，ω Dep/. o[ Arr:JrittcfUf't atUi A，祉 iltclural sysltms. 均酬。恤帆 Jopan. e-mail: walanobt.fomj，呻loktnaka.co.jp

- 199 -



The Tenth Taiwan-Japan-Korea Joint Seminar on Earthquake Engineering for 
Building Structu悶. SEEBUS 20間， J恥， Ko間， Oclober 10-11 , 2008 

MINIMUM AND MAXIMUM SHEAR REINFORCEMENT OF REINFORCEMENT 
CONCRETE BEAMS 

Jung-Yoon LEE'and Hyun-Bok HWANG2 

SUMMARY 

四le ACI 318-05 design code requ眩目 a minimum shear reinforcement in reinforced concrete (RC) 
beams to ensure adequate resetve shear strength 曲d to prevent possible sudden shear failure 
following the fonnation of the fl1"St diagonal tension crack for high 甜ength concrete. This code 
.1叩惚中ires a maximum amount of shear reinforcement in RC beams for two reaso醋， first to 
ensure adequate resetve shear strength and to prevent possible sudden shear failure due t。

concrete crushing before yielding of stirrups due ωover shear reinforcement and second to reduce 
unsightly crackin皂、.vhile the maximum shear reinforcement ratio in EC2-02 or CSA-04 is 
expre紛ed in tenns of the compressive strength of concrete and the yield stress of the shear 
reinforcement, the maximum shear reinforcement of ACI 318-05 is proportio咽1 to 1且 power of 
the concrete compressive strength. In th的 paper， evaluation equ泌的阻 of the mmÎmum 個d

m阻imum amount of shear reinforcement for RC members are pre浴ented 10 prevent their abrupt 
shear failure, based on the compat悔i1ity-aided truss mode l. The propo臼:d equation takes into 
account the inf1uences of the longitudinal reÎnforcement ratio, the shear span-tc叫叩th ratio, and 
the compres刷ve strength of concrete. Even if the prop。扭d equation is rather ted間JS， this 
equation will help to understand the effects of the effective streng曲。f concrete, the crack angle, 
and the st肥的 conditions of the materials on the minimum and maximum amo間t of shear 
reinforcement ofRC beams 

Keywords: RC beams: maximum amount of shear reinforcement; minimum amount of shear 
reinforcement 

INTRODUCTION 

The failure modes of reinforced concrete(RC) members dominated by shear force are generally classified Înto 
four types of mode心 minimum shear reinforcement failure , tension failure, balanced failure, and ∞mpresslOn 

faiure(over reinforcement failure). These four fa i1ure modes are in f1uenced by the compressive strength of 
concrete and the amount of shear reinforcement in the concrete. Among these failure types, the minimum shear 
reinforcement failure and over reinforcement failure occur abruptly without sufficient advanced waming 

The ACI 318-05 desi伊 code (ACI, 2005) r.呵uires a minimum amount, Pmin of shear reinforcement in RC 
beams to re揖tve shear strength and to prevent sudden shear fa i1ure upon 位rst diagonal tension cracking. The 
code also requires the maximum spaci嗯'=晃， of the vertical stirrups 揖 the smaller of d12 or about 600mm.血

that each crack will be intercepted by at least one stirrup. The ACI 318-99 (ACI, 1999) design code required that 
the minîmum amount of sh臼r reinforcement beρ.min = 0.33 / f y (MPa) for the compressive strength ofωncre惚，

f c I up to 69MPa. For fc I > 69MPa , the code increased the Pmin r呵U1reme叫 by multiplying a faclor of 

! , '(MPa) I詣， but not to a value grea附 than I.OMPa where f y is the yield stress of slirrups. The requirement 

of Pmin in the ACI 318-99 did nol include the influence of f c I in the relation when fc' :S: 69MPa and 

I Associale Pro.戶叫 $ung，恥".. 叫 Universi物品，叫 e-mail: jylee@.sk如 ac.kr
• Ph D Candidale, $ung妙酬郎叫 Universi似的間
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EFFECT OF ANCHORAGE PERFORMANCE OF BEAM BARS WITIDN 

BEAM-COLUMN JOlNT冒 AND JOlNT SHEAR STRESS LEVELS ON 

RESTORING FORCE CHARACTERISTICS IN REINFORCED CONCRETE 

FRAMES 

Masaru TERAOKA I 

SUW直ARY

To inv自tigate the e叮'ect of b目m bar bond perfonnance of beam longi仙dinal 恤rs passmg 
血rough the interior beam吟。lumn joints and joint shear str四s levels on restoring fOTCe 

characteristi臼 of reinforced ∞ncrete fram峙. cyclic loading t間的 were carried out on eleven 
half-s曲le interior beam-coJumn subassembliagl閻明ing high strength materials. The following 
findings wer電 obtained from Ihis study 

(1) The data of relationship betw間n the local bond str自s and the amount of slippage for 
beam bars within beam啥。lumn joints is obtain吋

(2) The restoring force characteristics in structura l 台聞自es are influenced not only by the 
bond str田s level of bt泊m bars passing the through joints but also by shear 甜ess level of joint 
panels 

(3)The m曲甜甜 restoring force characteristics can be approximately predicted according 
to Ihe method proposed by the author. 

Keywords :beam-co/umn joint; bond perfonnance o[ beam bar withi叮'oint; joint shear str的

I研'el; r，由的ring[orce characteristic. 

INτ'RODUσTION 

Recently high st扭曲gth ma阻rials are used when aD R氾 structure is to make 
h igh' risiDg, spaD is to make longer, and cross'section is to be 間duced. These re個lt in higb盯
shear stress in joint panels and higher bond stress in beam longi岫dinal bars passing through the 
beam吟。lumn Jom筒， deteriorating the 曲ismic capacity a nd increasing the risk in the 
structure. The bond perfonnance is 叫a阻d not 叩ly to slippage of beam bars but also to the 
s hear strength of joint panels, a nd affects the res個ring force cha racteristics in structural 
frames 

In this study, to inv自tigale Ihe effecl of the bond perfonn扭扭。f beam longitudinal bars passing 
through the beam-column joints and joint 咄咄r stress levels on 間lonng 品問e characterislics in reinforced 
conc問他告還m臣、 cyclic loading t眉ts w"'零開nied out on half-scale inlerior b目m毛。lumn subaSSetI油liag自

Using high strength materials. 

2 且啦'S!IOr， Kure NatÎonaJ α~/Jege ofTech刷耐 ，e.m叫樹濁。如甜ure'nct.8C.jp
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EXPERlMENTAL STUDY OF STEEL REINFORCED CONCRETE BEAMS WITH 
、iVEB OPENINGS 

Cheng-Chih CHEN1, Chung-Yan LJ2. Ming-Chang KU03 

This paper was submitted to J 4 WCEE, 11持e Jlh World Conference on Earthquake Engineerìng, October 12-17, 

20的 Beijïng， China. 

SUMMARY 

The openings in the webs ofbeams in building are n但e路ary for the p且sage of utility ducts. This 
study aims 10 investigate the behavior of steel reinforced ∞.ncrete (SRC) beams with an openi呵，
including 由e effects of vario閣。pening shapes and differ穹的 values of moment to shear ratio on 
血e strength. Thirteen full-scale SRC beams were 血，自gned to have different opening shap目 and

tested at different moment 10 shear ratios. T.自t results indicate specime閻明血 high momentω 

shear ratio demonstrat.吋 d間tile behavior due 10 the confmemenl attributed to 曲e sliπup and 
structural steel. Specimens with low momeRl to sh且r ratio fail甜。wing to the shear cracking. A且
interaction between bending and shear was examined for lested SRC btams 

Keywords: web opening, steeJ 1旬nfon::ed concre風 shear failure, interaction, SRC 

lNTRODUCTION 

The transverse hol閏 in the webs of beams in buildings are nec且且可 for Ihe passage of service duc lS and piping 
'"0吋er to minimize the story heighl and 10 attain economic requirements. The web openings of the beam result 
in the decrease of flexural and shear strengths, flexural 甜甜隨風 and the increa揖 of Ihe deflection. The 
reinforcement at the opening is needed to e聞叫e 曲e proper strength 個d stiffn目s of the beams 

Numerous experim凹個1 and analytical studi自 have been conducted to inv自tigate the strength of reinforced 
concrete fl間也叫 members with openin醉，功x: d自ign for a flext朋I member with a large opening 旭d~目2
proposed 也at the top 阻d 出110m cross members of the 叩開ing could be 甜甜med to behave like a vierend開l

panel. The top and bottom chord members were expected to carry shear and 缸ial force acted from the bending 
moment (Nasser et al. 1967; Mansur et al. 1985). Further, ACI design provisions specify that Ihe openings in the 
web of a member can reduce the shear strength. and Ihe effect of 個y openings on the shear strength shall be 
∞nsidered (ACI 318 2005) 

Meanwbile, numerous studies for s山C他ral steel beams. Încluding st自I beams supporting a reinforced concrete 
，1帥. with web openings have been carried out and d的gn provisions have been recommend甜A1SC

甲部的caho阻 specify 也倒也e effl目t of web openings on the nomÎnal sh曲r strength ofbeams shalJ be detennined. 
個dad呵閻健 reinforcement shall be provided if necessary (AlSC 2005). Several streng由Iimit states may control 
thed自ign ofa Oexu晶1 member with web openings, such as 1阻al buck1 ing of血e compression flange or the web, 
yielding or I回到 buck1ìng of the tee-shaped compression zone. and moment-shear interaction. Mo間。ver， the 
d間gn procedure Îs given in the Iiterature (ASCE 1呻9; Oarwin 1990) 

Although many investigations have been conducted on reinforced concrete and structural steel beams with 

!丹可間or， Depl ofCivil Eng. ， 抽，叫al CJriao 7ùng Universily, Taiwan , t.mail: chrùclrtn直刷i1.nclw.MIι鯽
, Grodualt Sludtlll. Depl of Civil Eng.. 帥tiona{ 凹iQQ Th.略 Unil'f!rsilj恨施Iwan

J Grod，叫t S/udtnl. Depl ofCivill訪ι Notlona{ CI!iω Twng Unil'f!.閉眼路，~，
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FULL-SCALE HIGH-STRENGTH CONCRETE TIED COLUMNS 

UNDER CONCENTRIC COMPRESSION 

Rong-Jing WANO L, Hung-Jen LEE2, Ch叩g-Cheng CHEN1, Chi-Chun TAO~， and Chia-Wei CHEN~ 

SUMMARY 

This paper presents a begìnning experimental program ∞酷的ts of 21 large-scale high-strcngth 
concrete tied columns subjected to concentric comprcssion. Each column had a cross seclional 
dimension of 500 mrn and 1 5帥-mm height. The concrete comp臨slve str明gths ranged between 
53 and 98.8 加即a. Other test variables include st揖I yield strength, tie configurations， 缸ld tie 
spacing. The 祖 ial load-defonnation behavior and axial capacities arc evaluated wî由 rcspect to 
buiJding code equation. High-strength concrete columns contained insufficient volumetric ratio of 
closely spa'個du虹lSverse rcinforcemenl ∞uld not s凶tain nominal lUtial strength due to early 
buck1 ing of column bars after the prema恤re palling of cover concrete. The mean concrete 
strength measured in column sp明imens are below 85% of cylinder compre詞ìve strength 

Keywords: column; confined concrete; h曙'h-strength concre紹，

INTRODUCTION 

前le stren皂白 of struc他ral concrete h國 increased over the years. High-strength concrete (HSC) has been 咄咄 m

many metropolises of the world, most!y in columns of higb-rise buildings due to bigh axial loads. Afl:er 也，e New

RC Project, the use high-strength concrele in tbe construction of high-ri揖 buildings h甜 increased rapidly. 
Utilizing HSC together 間th higb-yield-s缸.ng曲 reinforcement in the prec的tco阻tructìon of high-rise buildings 
閻明句“回ctive because oftime, labor，阻d malerial savings. Bonowin皂白e扭曲目sful ideas ofNew RC Project 
in Jap帥， 也e 凹陷前uction ind凶try in Taiwan would al甜 like 10 upgrade the streng也S of concrcte 甜苦d
reinforcement. By reviewing the HSC column tests carried out in Japan as part of the New RC project, 前 "

conclud吋由at the 阻ialload-dominated elements, such 揖 HSC columns, are key elements in the construction of 
high-rise buildings 

Kato et al. (1 998) reviewcd tests carried oul in Japan on 91 square columns and 59 circular columns under 
concentric ∞mpre甜的n. The compressive strength of tbe concrete in the specime阻 ranged between 扭曲d 131 
MPa (4 個d 19 ksi), while the yield strength of the 個曲ve.田 reinforcement ranged betw由n 172 and 1365 MPa 
(25 ksi 缸ld 198 ksi). lt can be 鉛間 in Figure 1 that a variety of material s間咱也s h晶 b間n studied in Japan, bul 
most data were small- or medium-scale 甲配.mc閻明白 cro峰sectional dime酷的n about 250 mm (10 in.) 
However, in-field dimension of HSC columns could be 1000 mm (40 in.). It often ra時間 questions and safely 
concerns to project the t叫 data obtaîned from small-scale sp但.me回 to lhe applîcation of large-scale structures 
Given 血e difficulti目a8SOClal吋 with te8ting large-scale HSC columns under concentric compr祖訓on， very Iittle 
experimental dala are avai1able for concentric compre棚。nt間的 of large-scale HSC columns. As shown 帥 Fig. l

There are only 4 data points available for HSC tied columns with a cross sectional dimension of 470 mm 
(without cover), which were test by Tanaka and Hiraishi et al. (1993) 回 a series ofNew RC pr.句ect

I Di附ionD間咽." An::hileCtllff and 8uilding Reseat廿 1nsl.巾Ile. Minis旬， oflhe
, Assis的nl Professor. 岫翩翩I Hmlin Universl/)' oJScience 帥d Technol嗯，現站附n

J Proj.間or. Nalwnal枷伽 Unlvers砂 afScie耐 and Technology. 加咖
4 Researdr Fel1c機 A 叫ilectuff and 8uilding Researd! 1nsritllle. Minislryof1nler叫
J Graduale Sludent. lÑpartment ojCQ/lSln耐刷品曙meenn，ι 抽liolllJl Hmlin UniversityofSclence 
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EXPERJMENTAL DETECfION OF A MECHANICAL WEAK POINT IN 

CONCRETE 、~ALLSTRUCfURES

Yωushi SANADA1, Bot呵。n YORKINOV2, and Taizo HIROSE2 

SUMMARY 

Accurate perfonnance evaluatîo悶 。f.恤ctw明 andlor structural elements are playing more 
important rol目 in the latest d間gn meth吋。logies. Although a huge number of labo悶10ry t聞徊。n

structural members have be開 canied out for performance eval閣個悶， expenmen叫 data on 
.tr祖S or i.nlemal force are extren叫y lîmited because of t輯hnìcal difficulti自 in measuring them 
Therefo時， a 臨n間。f structural tests on concrete wall structures was conducted to obtaìn such 
experimenlal data. 1n this study, în partîcular, a new force-me晶uring system was developed and 
applied to a concrete block infilled reinforced concrete frame specimen. The results of force 
me甜urements revealed that the intemal forces on the crilical section were ωgnificantly 

concentrated around the boundary column on the compressive side according 10 the damage. n由
result îndicat曲 that a compr.甜sive column bottom 的 not only a structural1y important section but 
訕。 a mechanical weak point in this kind of structure, and 血at retrofitting 也e weak po叫 would

m髓ibly induce ralÌonaJ ìmprovements of seismic perfonnan自

K句nvords: concrete block infi//; cyc/ic 11凹ding t.臼t; fO l'Ce measureme.肘 reinfol'Ced concrete 
frame; stress concenlration 

INTRODUCTION 

Accurate perfonnance evaJuations of structures andlor structural elements are playing more important roles in 
由e latest d自ignme曲。dologies 甘le design of reînforced concrete (RlC) structures is no exception, her也e a huge 
number of laOOra妞"岫ts on RlC members have been carried out for performance evaluations. Actually, 
howev前~ expenm個個I data on stress or intemal force are still extremely limìt甜 b配a岫e oft缸hnical difficulti目

i.nvolved în m回sunng伽m

Several p甜I studies have fi個U扭d on inl間lal forc自 canied by RlC members or panial fram間， mainly to c1arify 
force distributions 血d 回聞fers among structural components (e.g. Clough and Benero. 1977, Sugaya et al 扭曲，
Canbay et al. 2003). However, such objecliv目 are differenl from thal of this study, which is to c1arify inlemal 
force distributions and Iransfers of an individual struc仙ral member 

The authors col1ecled experimenlal dala on inlemal forces of a shear-critical RlC wall in a previo田 study

(Sanada 個d Kabey揖awa. 2006). Therefore, in this study, a 阻討回 of slrucluml te曲。nc。回到e block înftlled 
RlC fram目 was conducled 10 oblain the same kind of 目perimental data. A new force-measuring system w.晶
血veloped 10 accomplish th的 objeclive，品dw越 .1曲 verified 伽'ough struclural testìng. Foc閣ing on internal 
shear lr當lSfer of a specimen, specially d甜gned here自n， the seismic behavior and perfonn胡揖 were investigated 
expenmen旭1Iy.

I Asso.α'ale Professor. 7b.州岫hi Urli\'f!r:lty afTechrIQlagy. Japarl. e.刷 11: scmod.喵IUlrp. /ld. ac.)p
' 。叫叫e Studerll, Tayo.岫 hl Urll\'f!r:lty ofTechrlo 句0'. J，你酬
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D esign Equatioos for Flexur叫 Strength of Prestressed Coocrete Beams 

Based 00 Flexural Deformation 

I chi甜 KISHlMOTO 1. and Yusuke Shibata2 

SUMMARY 

In Standard for Stn且ctural Desigo and Construction of Prestressed Concrete Structures and 回me
guidelines p曲lished by AI] the design 呵恤岫ns for flexural Slrength of pres眩目sed concrete 
beams have b自n proposed. Th間e all 問圓"。間 the based 00 the 揖sumption that eve可
longitudinal bars (normal steel bars and PC steel bars) are in their yielding condition. Bul PC steel 
bars which figure are rouod type or strand type have less bond strenglh than lhat of defo.咽ed Iype 
and PC steel bars usually placed in the cenler s自由 in the seclion of members. Thercfore this 
assumplion should not be applicable to PC steel bars withoul conditìons. In 血1S paper the 
呵咽ion 10 甜imate 也. str四s of PC steel bars ωcalculate the f1目ural strength are proposed 阻d

th. 呵咽lion 虹eb醋。d on the眩目nditio間， tho晶 bein皂. type of figu時， 1阻曲。nm 也e sectioo, 
tendon in original conditi凹， and shear.span ration of member. 

Keywords: earthquake engineering; prestressed ωncrete beam; jl.由ural strength; jl.叫ural

defonnafi，酬; ana秒tical i，問:“igation

BACKGRQUND 

D的gn equations of the ultimate f1e叫開I strength of pre甜甜揖d concrete beams are proposed in st扭曲rd

( Standa吋 for Structural D目ign and Conslruclion of Prestressed Concrele Structures ) and some guidelines21.1) 
published by AlJ (ArchitecturaJ Instilute of JAPA閃 10 ref.乳白exural strength calculated by the proposed 
eq岫tions were compared to the experimental data and it is reported 曲“山e arithmetic pr間."酬。fthe pro.戶sed
呵閣抽血的∞mp"曲velyad呵岫..

In 曲的曲mp扭曲n between calculat吋 values and the experimental data，由e employed. experimental data are the 
maximum value of flexural strenglh measured during loading tesl. Therefore the defom叫ion of the test 
specimens at their maximum flex.ural s臨時也 might be larger than the practical level defonnation wh自ch

estimated in the earthquake. In this 臨時 Ihe flexural strength will nol reach that calculated by those design 
equations proposed in the sl個dard and the guidelines. This phenomenon are caused by 曲的 fact 山at PC steel 
bars may nol reach their yielding strain in 由e practical deformation level. Tho揖 are referable 10 difficulty of PC 
sleel yielding which caused by following 3 re峙。ns. 1) PC steel is usually located on the i悶ide of the cross 
U間的n ∞mpar-吋 10 曲e longtudinal ba閃 2) There are bond degradation betw田n grout and PC stee l. 3) PC st間l

has longer el晶tic range than normaI longitudinal bars.For 自ese re醋。ns， the final flexural strength calculat吋 by

the prop。曲d equalio目 may overestimale the actual strength of pc beams 
In order to reso lve 曲的 problem， we proposed the method 10 目ttmate 帥 stress of pc sleel wilh relation to Ihe 

defonnation of members in the ref. 5 and by applying the 閏limated 叫ue of pc steel 10 曲e 呵uation (1) . (3) the 
precision of calculatioo of ultimale f1exural strength is raised 
In 心。時間岫帥， straio of PC steel bar (e,J is ca l叫“ed by considering of parameters 蚓、甜甜甜llevel at 

pre岫制ng (E.., r;) (at first stage tensionîng) , 1叫“on ofPC 剖開1 b." (",,> ， 自."闊。fPC steel b師 (q~> , 

defonnalion angle (R) of member and bond strength between concrete and PC steel bars which is defined by F 
(figure. l ). In Ihose faclors F (the bond strength) which is effected by the figure ofPC steel bars (round bar, 

, Ass的.olt Proftssor. Di附ion o/GIo曲川rcnltecture. 曲。如 U"lvtr:i似 Jσ凹1， e-moif: fcisimo/，呻orcn. e啥叫fca-u. oc.jp
1 Groduo叫呵，刷品問酬。ifGlobol Archllecl間由珈山間"相抑制. e-maif: shio% _.附 ufct@a叫呵削fca-u. ac.jp
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SEISMIC BEHAVIOR OF A 3D PRECAST/POST-TENSIONED REINFORCED 

CONCRETE SUB-STRUCTURE UNDER BI-AXIAL LOADS 

C. T. CHENG\H. H. CHEN2, K.C. LIN3, P. C CHEN' and S.J. JHUANG‘ 

SUMMARY 

The pre<泡st and post-tension吋 struo才ures can be designed in a way of self-centering that 
minim眩目 pennanent drift after an 目rthquake 咽le self-centering function is achieved 血rough
the post-tensioned strands applied in the precast beams that allow the gap司open in the 
beam-column in間face during earthq岫kes. Literatures have prov，吋曲at the selιcentering was 
effective in 也e beam-column cOlUlections. In real structure, there are floors integrating beams and 
columns 血at are usually designed 由 a rigid diaphragm to tr祖sfer the seismic loads between 
gravity and moment-resisting frames. Howeve汀， this rigid floor may limit the gap-open in the 
beam吋column interface of the self-centering 甜uo"扭曲 Therefo時， a new design of the floor 
system that al四 h曲 self-centering features is proposed. In 0吋.er to mv曲tigate the self-centering 
function in real structu間， a one-st。可 3D precast and post-I個sioned sub-structure with floor slab 
was construcled and lesled. The tesled speωmen co抽血。f four colum間， four beams and one 
slab, represenling one gravity frame, one moment resisting frame and Ihe floor system that 
cOlU1ecls bo也 frames. This lest aims 10 investigale the force transfer by the floor slab as well as 
the seismic perfonnance of Ihe struct帥， in which the gaps in the beam-column and beam-floor 
interfac目 may be opened in two directio悶， when subjected to bi-axiallateralloads. In addition to 
the experimental j抑制JgatlO間， a theoretical model is al咽 propo鍵d to simulate the envelope of 
the force-defonnation of the sub-structure 

Keywor曲 full-scale testing, precast 凹ncrete，pPost-tensioned， selfcentering, seismic behavior, 
andbi 叫a/l.帥ds

INTRODUCTION 

In 2002 Christopoulos et al. and Ricles et al. investigated the self-centering funclion of beam叫column

∞nnections under earthquake loads. They proved that the self-cenlering could effectively minimize residual 
drift after seismic loads in the prestressed beam-column connections. Und釘 extreme loa啦， the 揖1f-個ntering

funclion is achieved through the gap-open in the beam to column interface Ihat eliminates the pl曲tic

deforrnalion at the beam-ends. And tben the pr回回ss 叫side the beams restores its original position after loads 
However, in r臼lstructu悶， tbe role of the floor in Ihe self-centering structure is not clarified yet. If the floor slab 
is designed 10 be a rigid diaphragm integrating beams and columns logether like the conventional structures, thls 
floor slab may constrain Ihe gap-open in the self-cenlering connections. As a result, Garlock and Li 20的
pro伊sed a new fl∞r detail using col1ector beams 10 Ira肘fer the seismic loads between frames , but requir吋 it
soft enougb not to hinder the gap司open in the connections al the same lime. Cheng 祖d Ke 2007 prop曲。da
new concept for the d間gn of floor slab in the 認lf-cenlering structure by using prec晶t1post-tensioned slab. The 
test results showed that damage in the b個m cover concrele and out-of plane deforrnalion in the thinner slab 
reduced Ihe gap-open in the post-tensioned frame , resulting in less efficiency of the force transfer in the slab 

I Associate Pl1.lfl間or， D句artment of Conslruclion Engineeri嗯， Naliona! Kaohsiung FiBI Univen;ity of Sc ience and Teclt間，Iogy. K的hsiung，
Taiwan 8\3 
1 Graduate Stud.側.D<p甜ment of Construction En心n閣ing， Nalional K的.hsiung Fi削 Univ開ity ofSc時間e and Technology. 
J Associole Research Fellow, National Cente冒 for R也earch on Ea rthquake Engineering, Taiwan 
I Assistant Research Fellow, Natio叫 C酬前 for Resear曲曲Earthquake E叩 n酬的8月lwan.
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EXPERIMENTAL STUDY ON MECHANICAL PROPERTIES OF PRESTRESSED 

CONCRETE BEAMS AT ELEVATED TEMPERATURE 

Seong.一-jun 1M'. Mine hÎro N IS H/YAMA I and MasanorÎ TANr 

SUMMARY 

Perfonnance-b晶ed de副研 has been common in structural d聞自gn of buildings while it h臨 not yel 
b，en 啞ed in fire resislance d聞自gn in Japan. Prescriptive d自ign method is stîll applied 10 frre 
resistance d間ign of prestressed concrele members. What structural d揖 .g悶悶 do is 10 provide 曲e

nnmmum concrele covec to pc閏1ressing steel sp目前ed in Standard for SIn叫""，1 0蝠.gn 血d
Co由恤ction ofPr，回tressed Concrele Structures published by AIJ or Acchil阻tural Inslitule o f Ja阻n

The specification 的 b醋。d on experiments on pr間tr閃甜d concre叫e beams, which we潤 carried oul a 
few decades ago. Fire resislance tests on preslressed concrele members have not been conducted 
since those experiments although such tesls have b目n carried 。“。n conventional reinforced 
concrete memb冊，自pecially constructed of high-strength concrete 

Fire t-軒ts conducled 10 obtain experim凹叫 data on 1曲d-d，剖開lion behavior of pr宙間ss吋 concrele

beams al elevated lemperature are report.吋 in this paper. Three posl-te間ioned prestteωed concrete 
beams were construcled and tested in a furnace under the constanl vertical load simulating service 
load. They were identical and aboul one-third as large as pres恤S揖d concrete memhers in pracli吋
The experimen旭 I parameter was duralion of heating. Defleclions and temperatures at several 
1個別的ns in the beams were measured wîth tensile forces in Ihe preslressing sleel ba閃The test 
results are exp缸油dtobeus吋 for developmenl of pe而onnance-based fire rl間istant de創伊。f

pr明甘甜sed concrete members 

K eyword: pres lressed concrele; fire I叫，戶帥，習.- SI妙，帥，間Îdual s lruc lural p erforma nce 

INTRODUCTION 

Perlormance-based fire r闊的tance d目申1C。回ept can provide fire resistance requir商品。r a building structure白 In

th刮目t few decad闊的"， d聞Ignme恥。d has be個叫dely used foc concrete 甜uctur四 due 10 its cosl-e ffi自bve血ss

and flexibility. Several national building cod閱 (Sw吋en， Norway, New Zea1and, Austral吼叫c.) have a1ready 
been revised 10 fo llow this design concept. However, in Japan a prescriptive design melhod is slîll applied for 
evaluating fire resistance of prestressed concrete (PC) building slructures. 1n the co缸， concrete cover thickness 
is specified to en岫re the maximum temperature of preslre制ng st間1 10 be altained be lower th個 a critical 
temperature wbich reduces the yie1d strength 10 their irutial stre滔滔.Ir∞m temperature. lt does not inc1ude a 
de剖開tion limitation for PC members in fire, whicb 惱。間。f 曲e 曲-e resis tance perfonnanc回Deve10ping a 
more reasonable d晶ign method is n閏ded

Wbat structural designers do is to provide 血e mÎrumum concrete cover 10 preslressÎng steeJ specified 凶 Standard

for Struc個問 I Design and Constru叫ion of Prestressed Concrete Structures pubHsbed by AIJ or AcchilecturaJ 
Institute of Japan. The specification is based on experimenls on pr.閏tressed concrete beams, which were carried 
out a few decades ago. Fire resÎslance t回ts on pre甜回sed concrete members have not been conducted sÎnce 
those experiments although 岫ts have been carried oul on conventional reinforced ∞ncrete membe時， especially 
construcled of bigh-streng曲 c。臨時他凹的一strength st叫卸ch as p闖關山ng sleel is consÎdered 10 be 凹的時

I GrcuJuDle Swdenl. Oeportmenl ofU，啪n Dnd品V聞'nmenID/ Engineering, GrDdUD給 Sclroo'~何nginuring. Kyolo Unlw r:sity. J.酬n
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Ultimate Flexural Strength Evaluation for Pr間甘目sed Concrete Columns 

Masanori TANI1, Minehiro NISHIYAMA2 and Jaeman LEE) 

SUMMARV 

Four ultimate f1ex.ural streng山 evaluation methods are investigated by comparing the ir results with 
ex.perimental data of past research on prec晶 I prestressed concret悔e(佇PCaPC) columns assembled by 
P戶。s抗，-晶ns背"閻。恤un呵g. M ethod A and B u阻sing t趴he p例1.間 5扭e叫cω叫t“i。朋n 晶s叫ump仰t叫岫自昀o朋n p'吋1叫cω， ，趴he e軒x叩p伊e帕nme開nta叫l 
results wi恤t甘曲h 8“，吋d a臨cc印Unl.叮y. However, there 3re some specimens whose fIexural strengths are 
overestimated. In MethotJ C assuming yie ld of p曲t-tensioning (P"ηba時， results are incons的tent

bee.田e it cannot take the 甜 ial compre咽。n force into account 甘le results of Method D are more 
consistent than th曲e of Method C because of considering in f1uence ofaxial force. The results are 
independent on the length-to-d叩，th ralio provided thal the bond strength was taken into 
consid臼.at lon

Keyword: prestressed concre紹; post-tensioned; effective prestressing for呵: length-to-depth ral;o; 
reinforcing indl凹; a:xialload level; strain compatibili秒，

INTRODUCTION 

ln f1exural stren皂白 evalualion of prestressed concrete columns, Ihe plane section analysis w岫 stress-.時剖n

relationships of concrele and reinforcement is recommended. The analysis is, however, complicated and 
time-consuming in practical design. An 叩prox.imate calculation lJ assuming Ihal all 阿恤rs yield and 個
equivalent rectangular stress block is substituted for Ihe stress distribution ofa compressed concrete is generally 
used in practice. However, a l1 PT bars do not always yield 目pec ially under ax.ial compr但sion force on the 
columns. When the ultimate f1exural strength of a column cross section with multi-Iayered PT b臨時 p'吋icted

by the approximate calculation, the problem is how to take PT bars in the compre峙。on zone of Ihe section into 
account. The authors modified2

) the approx. imate calculation originally for a beam 歸剖ion with multi-Iayered PT 
b帥， in which the tensile fon::e of PT bars in the compression zone is ac∞>unted1) 

啊lere is a little ex.perimental re揖arch about prestre唱ed concrete ∞lumns in the past (ex.. Ref.4)-9)), in which 
the prediction of ultimate fIex.ural strengths were obtained using the plane section assumption with the ACI 
呵uivalent rectangular stre認 block (ACI method叫There are only few discussions on the prediction accuracy 
of the evaluation method based on the comparison with experimental data 

In this paper，目veral f1e叫ral stre時.th prediction pr阻edures are investigated in tenns of their accuracy by 
comparing their results with experimental data in the 1iteratures. The experimenlal dala are obtained 倍。m

fIex.ural loading t閏ts on p個Hensioned prestressed concrele columns 

Bond property belween PT bar and grout mortar has a significant e叮'ect on flexural slrength development. A new 
fIexural strength prediction approach to lake Ihe bond property into acεount IS prop個-ed and compared with the 
experimental results 
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