461 K& #2 T R ¥ F R Vol. 46,No. 1
2006 1 Journal of Dalian University of Technology Jan 2006

: 1000-8608( 2006) 01-0087-06

RS, F RF, E H#H

(LAEBTAY £AAFFR, IT k&£ 116024
DAEBFAY EHEEHRRIBARN, LT AE 116026 )

s G B R KON W ROR £ AR KRR B R R MR R AT
B RHBOE AR AR ST IR A AR B T A X T S AR
BT RIF . v ET 3XFHE 05 BRN G 04T HART FAEERRE
TRALE BRI HEEMECB ES R FANREUE LB ENRE. ZR AT E 2
FEHRTRARMER R EXRG A CBEER ZAT 45 . AL HEA ¥ F RN
Y 64 EWHR E IR A BOE L R AT, LUK ERE W VidicF B EZ TR FE N
B HEEAETEFINGABEERR IHEAGCREMAHERNGE RS, EZNT 5%
PR i B B R R

c BTSRRI MR RIS, BENR AL LB S
RYG A

P315. 9 DA
0 _ Sd,(‘,
Sd,p—i—R(in) (1)
2 Sdp ; Sd.e
’ s R(C,T) 5
(12 , ’
: (D)
9 2 N 1 R
o (1)
: .7
’ ( _)s R(C.,T)
4] ( ) .
ADRs 7
20
. 2004-12-15; . 2005-12-10.
: (50025823); (50308027) ;

6 L7 N 1979, B . .
?71994-2018 (‘hm(u Xcz)ldemlc Journal Hectron(lc gll%lwlnng House. All rights reserved.  http://www.cnki.net



88 A #EEZIAFFR 46
) > PGA.
1
i ,
( R= E(R") (3)
1): o . (5)
St 1Si=R" | (2) [12]
: RY i ,
RV = F IR, F
,Fy 5 ) ’
(2 i
Sin i - ORLD=
R(i) ’
A
ol . (5)
F, (2) S , ,
Y
- E(&V.)e)z ME(S&{)])O R(l')) (6)
O X, Si. Shewux) S s R -
B 1 B R G R A X R e
Fig- 1 Relationship of elastic and elasticplastic E(ng)"'): — E(Sg»)l‘)E(R(o) (7)
displacements for SDOF system
(7
i)
0\ _ E( Sfiz.n!
i ) (2) E(S{y)=_ E(R™) (8)
i)
Si- o . (8) (4, (5).
E(S‘l*p)sz(Sd’ﬂ /R ) (3) , (5) Sﬁf)p
SS_;LF E(S1)) . ,Sd.e;_)E RY , > oo
(fe ,R: E Sl,e /E (fe/ : :
(ml ) (S B R"=_  r>OR"=1
R") , (3)
S _ Sd.e (4)
d, p= _ R 2
(3) (4) ,
R ) PEER
R
k2 20 °
’ (5)
7 ' (D)
Riddell "™ (Ms) 6 :(2) 20~ 40
: New mark —Hall km; (3) 0.15¢ (4
" Newmark—Hall 0.2 Hz

PGD )



1 FRA%E: Gt BN BNHEE Wkt 89
(D ,
; (2) . (4) T 0.25
3 (3) , E(S) /3,7~ 1.0,
. () , sty R
. - i)
(30 m) ve  360- 750 m /s ; T 407455 LE(Sh)/
180~ 360 m/s < 180 m /s, USGS B o ;
. C D 1 . I I ’
[13]
v . 1.05
~  100Rw
. 3| 50051 i S
(1 Sie; I%L" 0g0f ¥ v
(2) . ( 2 0855 1015 20 25 30 35 40 45 50
4 6) R([)' T/s
(3) () (2), (2) St
(4 E(S¥%) E(R")  Saw
(5)  E(S%) E(R") (8), E g [P0 T T e e
i) X ’
(St ( Sie , ); 0800 05 10 15 20 25 30 35 40 45 50
(6) E(S') /Sa.y, 1. 0, Ts
s RY (b) ()
' 149
) (5) 185k
S~ 0.951
55| 5 o8l
s 080
0.05 5.0, % , a ol
005 1075 2025 3035 4045 50
Tls
[10 12 14]
. (c)
, 0 42, A 2 %@%;@ﬁa R S R
RV BB EE St P BE
Fig. 2 Ratio of elastic—plastic displacement spectra
’ _ derived indirectly from the strength
_ 2 £ reduction factor spectrum to statistical ones
(S4%) /Su.p.
(D ~ . E 3
(Sﬁf)p) /Sd p 1- 07 (5)
(2) ( d p)/Sdp (4) (5) .
— — . i S«(il.)p
H ’ E(SS]-,P) /Sd,,p R(')
’ T 0.2s ,
(3) Sih) /B> 0.9
) 2,
(5) ;
4 ()
(5), . 6. . (5) E(R"): E



90 A EEIAFFR 46
(R(z) ) « 2 _E'(S&sl)ll) . RZ E (R(i) )’
( (8) ) Fajfar’”’ Vidic (
, (10)); O
S <7 E(Si) T
R= - D0+ 1, BT
‘ C= Dy 0 (10)
31 SR SR PTR RAGE E (R )ik % R=_; B I
, : To=0.65 "°T., T.
O
Cuesta ! . N ’ 1
7 , Vidic 1 0.05 5
[14] s, () 0. 05 3s.
, ] 3s ()
4 [6 8 14 16] )
[17 18]
Cuesta *1 BEZ#%O0
; Tab. 1 Modified factor O
, <2 2<< 4 4<<6
; , 1.0 1.1 1.2
() Lo L1 L2
[19] 1.0 l. 2 1.3
) 3(a) (b) 4(a) 0.05 3
() Vidic
s, .
N ’ ’ (9) (
assar M d ) 7\/d O 4g) , (9) ,
ranaa N 1 [}(5:,‘] ) , 4(b)
Cuesta 6 . 0.05 5,
. L
3.2 GiibE B B R oA R (9)
() 3s
- Si.c ’
Sa= O ?j (9) (9)
08 - 0.8 ;
o7l R @itEE — R @)itEHE
Py s 0.(7; — SRR y
os] L - OO maim
. 04| FELHE L € g4f TELH =
s 03} LS 03}  BiEC S g
02t = 0.2f : >
0.1 = “" 0.1 —
0 05 10 15 20 25 30 0 05 10 15 20 25 30
T/s T/s
@p=2 by p=14

Bl 3 goit P BE A BE S X (O HLE RN AL (= 2.4)

Fig. 3 Comparison betw een statistical elasticplastic displacement spectra and results of Eq (9) (= 2,4)



! I

Gt B B T o

[1] SEAOC Vision 2000 Committee. Performance-based
Seismic Engineering [R]. Sacramente Structural
Engineering Association of California, 1995.

[2] PRIESTLEY M J N. Performance based seismic
design [C}/ 12th World Conference on Earthquake
Engineering. New Zealand New Zealand Society for
Earthquake Engineering, 2000.

[3], CHANDLERA A M, LAM N T K. Performance—

01— £ -
gl HIENE 14}
o5t PEIE_ /- 1.2f
£ o4} o7 £ o8 S
03¢ 06} >
02t AT ] ok
01t 02r
0~ 05 10 15 20 25 30 0 5.0
T/s Tis
(a) JA#1 0.05~3s (b) %1 0.05~ 55
B 4 goif Pl ma g 5X (9T BE R (= 6)
Fig. 4 Comparison between statistical elastic—plastic displacement spectra and re;ults of Eq. (9) (_= 6)
based design in earthquake engineering a
4 multidisciplinary review [J]. Eng Struct, 2001, 23
(12): 1525-1543.
[4] CHOPRA A K, GOEL R K. Direct displacement—
0 based design use of inelastic vs. elastic design
" : Sip spectra [J]. Earthquake Spectra, 2001, 17(1): 47—
R ’ 64.
[5] CHOPRA A K, GOEL R K. Capacity demand
> diagram method for estimating seismic deformation
) T 0.2 of inelastic structures SDOF system [ R]. PEER
S , Report 1999/02. Berkeley: University of California,
6 1999.
, Vidic [6] FAJFAR P. Capacity spectrum method based on
, N inelastic demand spectra [J]. Earthquake Eng Struct
Dyn, 1999, 28(9): 979-993.
[7] XUE Qiang, CHEN Cheng—chung. Performance
based seismic design of structures a direct
displacement based approach [J]. Eng Struct, 2003,
’ 25(14): 1803-1813.
’ [8] MIRANDA E, BERTERO V V. Evaluation of
(7> 3.05) strength reduction factors for earthquake-resistant
design [J]. Earthquake Spectra, 1994, 10(2) : 357-
379.
[9] RIDDELL R. Inelastic design spectra accounting for

soil conditions [J]- Earthquake Eng Struct Dyn,
1995, 24(11): 1491-1510.

[10] RIDDELL R, GARCIA JE, GARCES E. Inelastic
deformation response of SDOF systems subjected to
earth quake [J]. Earthquake Eng Struct Dyn, 2002,
31(3): 515-538.

[II]NEWMARK N M, HALL W J Earthquake
Spectra and Design [ M ]. Berkeley, EERI, 1982.



92 AEEITAFFR 46

[12] B WA B AL, F R KRR 5kttt 4 e E K
FohkgmBREREAERNE [J] HEIBRS5IE
R, 2004, 24(1): 39-48.

[(BIKhBR#® AG T, B/ L. %5 HEIEF M] &
B EE ST HRA, 2000.

[14] VIDIC T, FAJFAR P, FISHIN GER M. Consistent
inelastic design spectra strength and displacement
[J] Earthquake Eng Struct Dyn, 1994, 23(5):
507-521.

[15] CUESTA

I, ASCHHEIM A, FAJFAR P

Simplified R factor relationships for strong ground

45.
[16] MIRANDA E.

Evaluation of site-dependent
inelastic seismic design spectra [ J]. J Struct Eng,
ASCE, 1992, 119(6): 1319-1337.

[17] & & & soalh. M40 E R PHR EFNE R H
R[] HEIRZE T2, 2001,21( 1) 84-88.

[18] B K\ » K& KAL. %2 IREHEERHE
WARHAR []]. W ELRZE TR, 2004, 24
(1) 22-29.

[OIEXFAZEF FEH . BEMMER LA K
AHCY ERAE W BRI I EEARF T2 X

motions [ J] Earthquake Spectra, 2003, 19( 1): 25— B Aua BHF E AL, 2005.

Statistical property-consistent elastie-plastic displacement design spectra

WANG Dong-sheng” "?, LI Hong-an', WANG Guo xin'

( 1.School of Civil and Hydraul. Eng., Dalian Univ. of Technol. , Dalian 116024, China ;
2.Inst . of Road and Bridge Eng., Dalian Maritime Univ., Dalian 116026,China )

Abstract The design spectra usually represent the statistical results of some SDO F system subjected
to ground motions, but elastic displacement design spectra are not consistent with the elastic—plastic
design spectra derived indirectly from the reduction of elastic displacement design spectra by the
strength reduction factor spectrum. The discrepancies between above indirect elasticplastic spectra
and statistical spectra are studied based on the statistical analysis of the response of SDOF system
subjected to 20 seismic ground motions separately under three kinds of site soil conditions, and it is
known that the former might underestimate the earthquake displacement demands especially on soft
site or when displacement ductility factor is larger than 4. Then the simplified Vidic s strength
reduction factor spectrum with higher accuracy is selected and a modified factor related to the
displacement ductility factor, the site condition and the system period is introduced to the indirect
elastic—plastic spectra, and the statistical propertyconsistent elasticplastic displacement design

spectra derived by the reduction of elastic displacement design spectra is proposed finally.

Key words displacement-based seismic design; elastic—plastic displacement design spectra; strength

reduction factor spectrum; displacement ductility factors; site conditions



