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R :
fib State-of-the Art Report on
"Seismic Design of Precast Concrete Building Structures’, Bulletin 27D #f 4~

AState-of-the Art Reportid, EERFIAE (FHEKE) L20044E11H 3 HicgH s hi:
Robert Parkdeth (ma—YV =5V K- ¥ XY —K%¥) #EEZE L72fib Task Group 7.3
Prefabricated / Prestressed structures for earthquake resistancell k> TE & D bN72H D
ThHb, AREELZILOLIIHToTE, 2R VEVREIPPoTVE, EWIIKELH
572D, 19994 4 BRERCH o720 ZDH. 20006F 2 H=2—V—F VY FDI A=V XF Y
V. 20004E 9 B v 7S5 vy AT, 20014E5 Hu—<, 20024E 2 AR aDh vV TOR
AR RT, 20024610 H . £ib2002KkF 2 v 7 L A DBRIZfibh b OHRM & L T3 b, 20034
ZET SN,

WMEEVER DA F - 72tHIZ, Task Group 7.3 Prefabricated Concrete in Seismic Regions&
Task Group 7.4 Prestressed Concrete in Seismic RegionsiZZ2 L CHB Y. EHENZ—HICHT
LCATH A, MEBZIZNENTHIRT A2 FETH 72, LI L, Hm L TWAHBEBET, HE
TRETVAMVAPI Y ) — FEETIE, EEHTREZWVIILTH, BEAETLVF Y X IPC
EBRDBDT, STOONFETITTHREZELTLIILINETHL LOBHRIIEST. £ T,
Task Groupd #it& L Cfib Task Group 7.3 Prefabricated / Prestressed structures for earthquake
resistance& L, 1 MOMEZTEMERT LI L L kol HEFEDS [ FILITIE. "Prestressed”
BAoTHWRWAE, 7LF YA MTVAMLVA MY ) - MIHTHHEPZSEGERTY
5,

MEBMEROFEE LT, EBROFAICDFoTWLLETEIZODETHI VDo, L
7255 T, HEHVICHENWAEHIEINDLZ L E R o7 45T B—IRKFDPintof
H D ForewordiZd » % X 912, ".. the main destination of the document is the cultured
professional with some experience in precast construction wishing to enlarge his view over
the international scene and its latest developments." (EZ&X4iZ, 7L ¥ ¥ A PEEITES
PORBYEHHLHEMET, BRENAETFZ2HEOI L L. BHOEMEREZFBI-VEEZITVS
A2 THAB)o E5I121E. "It is not a manual, and less so a catalogue of precast systems. It
is not an operative désign guide, either, and it could not have been, due to the substantial
differences in the design approaches still existing in. the different countries, whose coverage
would have required the size of an encyclopedia." (ZRiE~=27NVThEWVWL, L F ¥
AMNVAFADAZ BT TH RV, I, T/, EFHESH T v, EICX o TRESER
LREFHBEDOLDIC, ZOAN—F AL, GRHFRORZEEZLELTEIOVTHA D))o

B, KREEOMHHEEZ, PakHE0BERLH Y, "English"ThH ., 72 HHEFE
LITHFEORY R EVSELRELE 5> TWD,

$72, AEE, fibOY x THA P ABELT B EASTRTH o

http://fib.epfl.ch/publications/fib/27/

BBk, CHF110 (W1 AH) &%oTwa,

ENEIOLRDLIERERATAHAZEUTOL) ZREL LTS,
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1 Introduction ~ - [FUIC
1.1 General

TLFxA a7 ) — MEEIBWTEELZRHEBZR T T !

- HELHEOPME., MLOZERIIBITA2TI0omN, BEORR L FAMATREME., T3
B ARREMBE., EiEE, EEBIUTREIOBRR. IRT
1.2 Scope of the report
1.3 Advantages and disadvantages of incorporating precast and prestressed concrete in

construction

FLEXYAPTLVARLALIY 2 Y — bORIBEREEZBET TV D,

FlEElLT:

- THioEHE - BEWZ2REIICERTE. AR VWAESERI NS

- TVFYAPMSVAMLVA V) - MEMOERE - IHEETHLIILE. B
mE e MEOEHIZL S

cHABEOWE - BWHELEE 7LV ANLZAEAIZLSLPCENLOEIH

- BTN OWHK - BB TEE OBITHIETE S

- By ToORBTHROWS

TV F A bars) - VEMOBEREL LTRA N Yy g VIMEN LR FE - R
ANTFUa I Ty A N EME—RILTE S

CWEROBEEZWALZENTRE - FLAMLAMIVZY— MEEWIIHEROR
HMERHINES L, DUERBHAL S

REELT:
ST E A MM RS T A REN THN R T EEHET 2L ERH L, TN L o THl
B L, MEWO—HEEHET 52 E4TED - FLFEYAMTILAILA LT

Y7V PEAHLAEHEBEYOTRCOME A /N— L72RGH e TR 2 EKERLT L
bHDHEIEE R\

cTFLFEY A NN EBEETAOOBITEIIACERLTWELEEER RV, BLIZLW
mEEHOT TN R TNEIZRL R - BEOHBHEIIALNL LI, HolHE
TOTFLF v A MEMOBEEE., 7V F v 2 MEEY OB BB R0

CHBOHLTLF YA MNEMERY LTI CEREBROBERILEL 25

BN GBLIBRECHE T L 2T E%e6kw - FL¥FyAbaryry—NE$ER
IFELMLT AT, BHEMHE. 7L v A MM ESER LG LE ST EOZAL & i TR E I
LTHAGEBAEL TORITNIER S 2w

L. WEMEICL > TPCHMICEHEEIROTANBELLEAICE. FIIHEDD S
PCHIM ZFIH L TWaBGE. TVAMNLVANBRbILALD LRV — [FHFEOLRVT VR
Y FPCHIMZRAT VI OMEEZ BT 52 L WEETH 5

1.4 Performance criteria
HEFTkoskmary 27— bEWE, 73y A MEWIEIFEUERELANVSEH IS E L
Ty 4 ODOWRELRVEZZEITTWS .
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Fully Operational: HiEHR DT L A LHEE LR, BEEVFHITETH 5

Operational: /P& BB E2%21F. —HBEETLRVARBPEHTE 2 25, MZiFE AL
fEFHTRETH b0

Life Safety: D & KEEREDOHEL ZIT 505 AT 2 ZEMEIHRINS,

Near Collapse: AMASERICIR S, KELBEL R AP, HEZTIE#TONS,
1.5 State of precast construction practice

Canada, Chile, Ttaly, Japan, Mexico, New Zealand and USATH 7 L ¥ v A MREEICHET 5
BRATEHLNTW A,
1.6 Design approaches

Canada, Chile, Italy, Japan, Mexico, New Zealand and USAT®H 7L ¥ ¥ A MEEDFLETC
B3 AP FELDLENT WS,
1.7 Acceptance procedures

Japan, New Zealand and USAIZBIT A, BHITHEBRETHINN—-S N WwT L F v A PREEE,
H5HVIIFMEHIN T HREENT EDOOLNT VD,

2 Lessons from previous earthquakes — BEOMEHED S OHE
2.1 Introduction
2.2 Performance of well-designed, well detailed precast and prestressed concrete
structures

19854E A F ¥ T HIFE, 19884E 7 )V A = 7 HifE., 19954 LB IR BT E, 1999F bva - a v
YLYMBICBIT A, BIFICEEI SN L E: v A PEEYORBIHZIIHRE SN TS,
2.3 Improper design detailing of ductile elements

198B4ET7 IV A= THIE L 19994E MV - AV ¥ T Y HEBIZBWT, BEEHMIHED ) L
A I N TR W FOREBIIRIN TV D,
2.4 Inadequate diaphragm action

19944E ) — 2 ) v VHIEB L1999 MV - IV XY T VHRBICBVWTRRAETFA T 74 E L
TH) FLBRELEP o 2FIREINT W5,
2.5 Poor joint and connection details

19764 E S v ¥ v YHEE1999FE P VT - 9V Yy T MIBEBOHEN S, AN Tk
AN TVRWEIPRENT WS,
2.6 Inadequate separation of non-structural elements

FERERE I DB EFIARE N TV %o
2.7 Inadequate separation between structures ,

19854E 2 F ¥ a B ICB VT, BEWR LIl MEBORNIC L o THZE LEEL ZIT 72629k &
nNTwnwb,

3 Precast construction concepts - TJUF v A NEEODERA
3.1 Types of elements in structural systems incorporating precast concrete

FUXx A MR, B BEEPOLRZTFERFFROLI=y b, BEZOWTHEIZE
Lo Tn5,
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3.2 Types of connections between precast concrete elements in moment resisting
frames and structural walls

"Equivalent monolithic (—FTHRETH Y. T F ¥ X MEEMBESIIZ. BM LD &<
RIS % W) "L "Jointed (BEEBIZ. BH I D 1§H L. HERIZIEZEquivalent
monolithic & 3R 4 2 8#H2/xR7) "ICHL THEH SN TS, Equivalent monolithicTid, #
&8 % BER & ¥ %2 WwWstrong connection"& . BREZFET A5 %28 %2 Fo"ductile
connection"ASZIF 5N TWwW 5, Jointed systemiZBWTHFBOSTEIBESHICEHLTLEEN
B0, MOEHHED BFEEHERY ., BUHERRDDIEFTE LD T, BYWHAED HBE
BRICHMEHENTRET A L) ICREIS NS, 72721, Jointed systemiZBWTHEUELEE
B CEXAL) BAREERTLILNTE S, T, 7K Y FPCEIMEZ AV, Wb
® % "Hybrid systems' & LS & DT, KX RWHETIC bBRETE 5,
3.3 Tolerances, fabrication and erection issues

T ¥ x X MM OEYE, BAERE, BB TOMALTIIEHLTIEDOLNTWS,
3.4 Materials and quality assurance

7o VRS, BEES. FNVMIEAESG, FAMTF YT a VICEAEAICHEL Tl &
nNTws,
3.5 Serviceability considerations

mEOFE, 7)) — 7 LiBIUE,. WA, BXO, WABICELTELDON TS,

4 Design approaches — EREUE
4.1 Performance objectives and limit states

Serviceability (fEf4). Damage control (JBEHIM. 545%). Collapse prevention (or
survival) (BEERFIE, Z2&M) BT OLN, TALICHLT, Fok)LEH. flziE, &K
INEER LR LD, MRTH2O00PELDHLNT VS,
4.2 Representation of ground motion

WEMEE LT, IEEREEARY MY, IEE, #E, BXOEMORZIREIMHEIC
EHOTH 5,
4.3 Capacity design

Capacity designTld, WA SR LMD 5V ITH S kD, COHMSIILELBHEL
ZEEDLEIICHEMBRT S, ZToOMOIMSIE, BHHEICL LTI TARBEYS R
%o DX ) %Capacity design?®# 275 % Canada, Europe, Japan, New Zealand% L CTUSA%
EOHFFFTERENLED LI ICHY) ANTVE2BRICE LD LN TW A, Capacity designFEHED
WTHroa—V—=5 7 FTIE, SR 2HBINLTEEINIELTWE, T2 A0
TR, WIS LTWABEADIR L PRV, 72, Capacity designiZHhEE 72 2 HMEEE. B
EE, MRMEOZEZ T REDTLOOLNT VD,
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Capacity designiCf9 2 RE O I — N IE&

Country: | Canada Europe Japan New USA
Zealand

Global Behavior
Erolic - Fonl i i :
Xp (31t. identification of nonlinear Yes Yes Yos Yeos No
mechanism of response
Story mechanisms prevented No Yes Yes Yes No

1 i fi hani
Collectors  designed for mechanism No Yos Yes Yes No
overstrength
Diaph h d t st h

1aphragm shears ‘an moment strengt No Yes Yes Yes No
taken from mechanism overstrength
Foundations designed for mechanism
strength, or foundation-rocking Yes Yes Yes Yes No
mechanism explicitly identified
Ductile moment frame design
B h t th ds b

eam shear streng exceeds beam Yes Yes Yes Yos Yes
flexural overstrength
Col h t th ds col

olumn shear strength exceeds column Yes Yes Yes Yos Yes
flexural overstrength
Inelastic dynamic amplification of column
moments and shears, including No No Yes Yes No
bi-directional seismic effects
Shear f in beam-col joints tak

ear force in beam-column Jo1p s. a .en Yos Yos Yes Yes Yes
from overstrength of beam plastic hinging
Bond strength of bars passing through
beam-column joints exceeds flexural No Yes Yes Yes No
overstrength
L Li itted at col d

ap ‘sp ces permitted a cto umn ends No No No Yes No
only if column end does not yield
Tension-shift effect idered for length

enSIOl"l s g ect considered for leng Yos Yes Yes Yes Yes
of confined region of columns
Ductile wall design
Wall sh t th ds fl 1

all shear strength exceeds flexura Yes Yes Yes Yos No
overstrength
Inelastic dynamic amplification effects for

e Cynan P Yes ~ Yes Yes Yes No

wall shear
Tension-shift and higher-mode effects
considered for curtailment of wall No Yes No Yes No
longitudinal reinforcement
Sliding shear failure prevented No Yes No Yes No

Canada: CSA A23.3-94

Japan: 1999 AIJ Allowable Stress Standard, 1988 AIJ Ultimate Strength Guidelines, and
1997 AIJ Inelastic Displacement Concept Guidelines. The standard used depends on the
scale and height of the building.

New Zealand: 1992 SNZ loading code and 1995 SNZ concrete code
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USA: 2000 NEHRP seismic provisions and 2002 ACI concrete code
Europe: Eurocode 8, Draft No.6, January 2003 (Ref. No: prEN 1998-1: 200X)

4.4 Precast structural systems and expected response

—AK3TH F% AL, jointed hybrid (7 ¥R ¥ FPCHIAMICL BZRA MF V¥ a v b EEHREHN
MoHMEE), jointed rotating (7 ¥R Y FPCHIMIZIARAIF YT av), BLW
foundation rocking (FE:AERIERA) TR L <. BERXOH & EMEIIH T L I0EFIITR S
nTws,
4.5 Detailing for ductility

B R A -0 DORENCE LT, WKW%& EORYWERIIHT HAEREEHL,
M OFEMBREFICN T AHEEIREIN TS, 22 Td. —~KITH A% & Jointed systemsl ’\D”
TRedB I N Twb,
4.6 Demand versus capacity assessment

Z 2 TClX. force-based design (JJ122&0 { §%Fl) & displacement-based design (ZEA7i23k
DL EKED OB LRI TWwE, HETFHOENEZREDIH)ITT LHTV S,

MBS RE EANCE D RF
L. AR ZEE 1. REIEMZFED 5 WIERE
2. DWHBMEEAANY MV & D HIERFOLE | 2. FMREERE 2 7

BWEZEE
Hu R BRI AR D 5 W3 B IER 2 RE

3. ZERLART IV b BER A2 RE
4. RETHIEAEZEE

5.

6.

HRIRIE L REREZFAE
ke v I TOEMIG R EE YRR (BEME e D) TORMMIGTIZEE
ZRHIBRIC N T B IEEMZF v V. b | 6. FMMEEREZTF v /L, KBELE, 3
LU, BRERBIE, WHENRE LS XSG | NRS,

®¢1%9o

LEL, 1N\RE%,
7. HEREBIEHAG T AEICE, XS | 7. R E R G T ARSI, BT ek
Wbl EBRREREZ 5, WEDIHEREER 52 5,

BHBIC, 18k & LT, Priestley 53243 % Direct Displacement-based Design?sF & 5
NTWnb,
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5 Lateral force resisting systems — KEHERV AT L
5.1 Introduction
5.2 Moment resisting frames
5.2.1 Member partitioning
5.2.2 Classification
ZIZTIR, BEMEICTTANECL > TTRIOLH) IZ5 HEHOBRIZHHEL T b,

RESFONSE CHARACTERISTICS
!

Lirnear Non-finear
T
I 1
Equivalent monolithic Jointed
ALy N
miniorced lostic I — |
Lirnited : i k
dm ;;y Hybrid | Rocking
: A .E%
%E&’;% gg Fuypresrased| Ry
% éé (oonged cuctis
&
y, °
K 4 A
8 g
y'&m‘m’:r ; Disploeomae

T, MBS TS VAT A LHBETIRET S VAT AT B, HMBHINE Y AT A,
X512, ~RITBLFES%E Y AT A & Jointed systemiZsl) S5 b, Jointed systemid. HHEZETE
/NS PR B Limited ductility (FIR#M). 7R FPCHIMICLARA T a v,
JBIE L 3OV F— RN Z B L ChE S N5 @ mEMY 2 A s b /zHybrid system& .,
EACBREL A VF -SSR T & %2 W Rocking systemIZ 5N TwW5b, ERIZRENS
X 912, Hybrid systemTid, BREEEIREIVIZH22bO T, BREIAVF TN D5
BEMETEL LW, Wb bflag shape (O L) %) OBEREHHE 2o Twnhb,

5.2.3 General seismic design approaches for buildings incorporating moment resisting frame
systems

AR EB T LOONT WD, FFiC, BT 22 LX) ZEMAKIMO, 2 BER
XL HDBIEIRENTVS, TN, BOMRICL DHOREAIER LI L L,
WREARDSEATT 5 &) R EFOMITFI IR EL Lo T/ LT, P ROMOTZ RS
LI EZEVROMITIIRER L. EPBRRTA2TRESHSH I L ZHEML TV 5,
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5.2.4 Design practice
HARBESRS [REH LRSS V3 v 2 M2 7 ) — MEEREHES (%) - FEH
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6.8 Seismic detailing of diaphragms
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9.4 System displacement compatibility issues
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