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Evaluation of Strength Reduction Factors using Smooth Hysteretic Behavior
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ABSTRACT >> The actual hysteretic behavior of structural elements and systems is smooth. Smooth hysteretic behavior is more
representative of actual behavior than bi-linear or piece-wise linear stiffness degrading models. The strength reduction factor in
seismic design is used to reduce the elastic strength demand to design levels. In this study, the effect of smoothness on the strength
reduction factor is evaluated for several smooth hysteretic systems subjected to near-fault and far-fault earthquakes. For design
purposes, a simple expression of the strength reduction factor considering hysteretic smoothness and earthquake characteristics,
represented as near-fault and far-fault earthquakes, is proposed. The strength reduction factors calculated by the proposed simple
formulation are more similar to the factors directly obtained from inelastic response spectrum analyses than those calculated by

several existing formulas.
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NO. | SACName Record EarthquakeMagnitude | Distance(km) PGA(c/sec’) | PGV(cm/sec)
1 LAO7 Landers, 1992, Barstow 7.3 36 412.98 66.08
2 LAO8 Landers, 1992, Barstow 7.3 36 417.49 65.68
3 LA09 Landers, 1992, Yermo 73 25 509.70 91.31
4 LA10 Landers, 1992, Yermo 7.3 25 353.35 60.35
5 LA45 Kern, 1952 7.7 107 141.49 24.7
6 LA46 Kern, 1952 7.7 107 156.02 243
7 LA47 Landers, 1992 7.3 64 331.22 40.84
8 LA48 Landers, 1992 7.3 64 301.74 25
9 SEO05 West. Washington, Olympia, 1949 6.5 56 376.18 29.83
10 SE06 West. Washington, Olympia, 1949 6.5 56 345.11 34.7
11 SE07 West. Washington, Seattle Army B., 1949 6.5 80 289.19 36
12 SE08 West. Washington, Seattle Army B., 1949 6.5 80 381.26 40.93
13 SEl1 Puget Sound, Wa., Olympia, 1949 7.1 80 737.82 52.35
14 SE12 Puget Sound, Wa., Olympia, 1949 7.1 80 584.52 40.04
15 SE13 Puget Sound, Wa., Federal OFC B., 1949 7.1 61 362.31 4531
16 SE14 Puget Sound, Wa., Federal OFC B., 1949 7.1 61 297.30 35.34
17 SE15 Eastern Wa., Tacoma County, 1949 7.1 60 284.72 24.99
18 SE16 Eastern Wa., Tacoma County, 1949 7.1 60 563.47 53.32
19 SE17 Llolleo, Chile 1985 8 42 684.27 46.98
20 SE18 Llolleo, Chile 1985 8 42 657.89 37.58
21 SE19 Vinadel Mar, Chile, 1985 8 42 531.05 61.18
22 SE20 Vinadel Mar, Chile, 1985 8 42 376.88 32.92
23 SE25 1949 Olympia 6.5 56 878.23 69.65
24 SE26 1949 Olympia 6.5 56 805.68 81
25 SE27 1965 Seattle 7.1 80 1722.40 122.23
26 SE28 1965 Seattle 7.1 80 1364.70 93.48
27 SE29 1985 Valpariso 8 42 1605.50 110.23
28 SE30 1985 Valpariso 8 42 1543.50 88.17
29 SE31 1985 Valpariso 8 42 1246.2 143.57
30 SE32 1985 Valpariso 8 42 884.43 77.26
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NO. | SACName Record Earthquake Magnitude | Distance(km) | PGA(cm/sec’) | PGV(cm/sec)
31 SE33 Deep Interplate(simulation) 7.9 65 781.31 93.54
33 BOO01 Simulation, hanging wall 6.5 30 121.97 7.55
32 SE34 Deep Interplate(simulation) 7.9 65 634.36 66.82
34 BO02 Simulation, hanging wall 6.5 30 72.93 8.45
35 BO03 Simulation, foot wall 6.5 30 141.37 11.22
36 BO04 Simulation, foot wall 6.5 30 109.65 2.08
37 BO15 Saguenay, 1988 5.9 96 513.58 22
38 BO16 Saguenay, 1988 5.9 96 243.68 5.72
39 BO17 Saguenay, 1988 5.9 118 179.47 12.82
40 BO18 Saguenay, 1988 5.9 118 222.98 11.18
41 BO19 Saguenay, 1988 5.9 132 172.96 10.11
42 BO20 Saguenay, 1988 5.9 132 267.23 18.12
43 BO35 Saguenay, 1988 5.9 98 1475.10 63.19
44 BO36 Saguenay, 1988 5.9 98 699.90 16.44
45 BO37 Saguenay, 1988 5.9 118 514.13 36.73
46 BO38 Saguenay, 1988 5.9 118 638.76 32.04
47 BO39 Saguenay, 1988 5.9 132 495.52 28.98
48 BO40 Saguenay, 1988 5.9 132 765.61 51.93
(& 2) siidofl ARt 2742 X|T
NO. | SACName Record Earthquake Magnitude | Distance(km) PGA(cm/secz) PGV(cm/sec)
1 LAO1 Imperial Valley, 1940, El Centro 6.9 10 452.03 62.4
2 LAO2 Imperial Valley, 1940, El Centro 6.9 10 662.88 59.9
3 LAO3 Imperial Valley, 1979, Array #05 6.5 4.1 386.04 83
4 LAO4 Imperial Valley, 1979, Array #05 6.5 4.1 478.65 48.19
5 LAOS Imperial Valley, 1979, Array #06 6.5 1.2 295.69 89.2
6 LA06 Imperial Valley, 1979, Array #06 6.5 1.2 230.08 47.44
7 LAI13 Northridge, 1994, Newhall 6.7 6.7 664.93 95.55
8 LAl4 Northridge, 1994, Newhall 6.7 6.7 644.49 80.95
9 LA17 Northridge, 1994, Sylmar 6.7 6.4 558.43 80.19
10 LAIS8 Northridge, 1994, Sylmar 6.7 6.4 801.44 118.93
11 LA19 North Palm Springs, 1986 6.7 999.43 68.27
12 LA20 North Palm Springs, 1986 6.7 967.61 103.83
13 LA21 1995 Kobe 6.9 34 1258.00 142.7
14 LA22 1995 Kobe 6.9 34 902.75 123.16
15 LA23 1989 Loma Prieta 7 3.5 409.95 73.76
16 LA24 1989 Loma Prieta 7 35 463.76 136.91
17 LA27 1994 Northridge 6.7 6.4 908.70 130.49
18 LA28 1994 Northridge 6.7 6.4 1304.10 193.53
19 LA29 1974 Tabas 7.4 1.2 793.45 71.05
20 LA30 1974 Tabas 7.4 1.2 972.58 138.83
21 LA37 Palos Verdes(simulated) 7.1 1.5 697.84 177.44
22 LA38 Palos Verdes(simulated) 7.1 1.5 761.31 194.04
23 LA39 Palos Verdes(simulated) 7.1 1.5 490.58 85.5
24 LA40 Palos Verdes(simulated) 7.1 1.5 613.28 169.3
25 LASI Parkfield, 1966, Cholame 5W 6.1 37 765.65 42.59
26 LAS52 Parkfield, 1966, Cholame 5W 6.1 3.7 619.36 36.87
27 LASS North Palm Springs, 1986 6 9.6 507.58 36.72
28 LA58 San Fernando, 1971 6.5 1 226.54 27.08
29 NF01 Tabas, 1978 7.4 1.2 882.85 110.04
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NO. | SACName Record Earthquake Magnitude | Distance(km) | PGA(cm/sec’) | PGV(cm/sec)
30 NF02 Tabas, 1978 7.4 1.2 958.67 105.83
31 NFO03 Loma Prieta, 1989, Los Gatos 7 35 703.84 172.84
32 NF04 Loma Prieta, 1989, Los Gatos 7 3.5 449.36 91.06
33 NF05 Loma Prieta, 1989, Lex. Dam 7 6.3 672.86 178.62
34 NF06 Loma Prieta, 1989, Lex. Dam 7 6.3 362.95 68.63
35 NF07 C. Mendocino, 1992, Petrolia 7.1 8.5 625.6 125.77
36 NF08 C. Mendocino, 1992, Petrolia 7.1 8.5 642.24 92.96
37 NF11 Landers, 1992 7.3 1.1 699.62 136.04
38 NF12 Landers, 1992 7.3 1.1 783.89 70.26
39 NF15 Nothridge, 1994, Olive View 6.7 6.4 718.16 122.19
40 NF16 Nothridge, 1994, Olive View 6.7 6.4 583.79 53.9
41 NF17 Kobe, 1995 6.9 34 1067.2 160.17
42 NF18 Kobe, 1995 6.9 34 563.99 72.35
43 NF19 Kobe, 1995, Takatori 6.9 43 771.1 173.79
44 NF20 Kobe, 1995, Takatori 6.9 43 416.11 63.69
45 SEO1 Long Beach, Vernon CMD Bldg. 6.5 1.2 170.55 51.45
46 SE02 Long Beach, Vernon CMD Bldg. 6.5 1.2 132.70 27.36
47 SE09 North Palm Springs, 1986 6 6.7 576.45 39.38
48 SE10 North Palm Springs, 1986 6 6.7 558.10 59.89
49 SE21 1992 Mendocino 7.1 8.5 741.13 145.24
50 SE22 1992 Mendocino 7.1 8.5 476.22 62.39
51 BO05 New Hampshire, 1982 43 84 564.78 13.22
52 BO06 New Hampshire, 1982 43 8.4 309.51 12.76
p=1 p=2 p=3
Ll I U I Ll I L LI I L o e T
T L 1 s ] s [ ]
S5 - S5 - fosp .
z T . z 'r 7 2 'r 7
-3 3 ‘

0 0
Ductility (p) Ductility (1)

p=5 p=10 p=20

T T T 1.5 LA B B S L I R R |
1= - 1= 1=

05 ﬁ/}7 — 0.5~ 7 - 0.5 7 i
0 3

05 / -

-0.5 — -0.5
gsbe 1

)

Normalized Restoring Force (z)
T
|
Normalized Restoring Force (z)
- o
T T
| T
Normalized Restoring Force (:
L o
T T
| Y

0
Ductility (p)

0 0
Ductility () Ductility (i)

(38! 2) LA18(Northridge, Sylmar, 1994) XIZI7EEZ0 et MY 0|2ASQ A= ZHA(p)Q| FHFI| 7,=1.0sec, ZiHPALE

u=>5, =5 ZtMH| «=0.02, ZAH| £=0.052 X3 @)

LA18(Northridge, Sylmar, 1994) 23755 7|20 o 3, 5, 10, 200] HIE=5= WBIA|A 7 2|gste] 117 20| B
sto] 217804 et iRt A4 oAl BArE aste] YERgInh o] ol -1 WA A=} S
Aol Hiet o-19] WARAE St= =@AFp)7E 1, 2, 7 HES FEAEE 295 Agsiolon, gAREA



54 stEXFISss =28 Mi4H Hds (8H MI742) 2010. 8

SE19
25 T I T I T I T I T
ductility = 2 to 10 (thin to thick) 4

]

=}

T T
=

|

T
———
1

R, _
w

T
P
L

Perlod (sec)

NF11
16 T I T I T I T I T
ductility = 2 to 10 (thin to thick)

12— =

<8

(=}

NI
L

(a) AE=0 ME B=ZAAR(R) FHp=12 E2)

SE19 (1 =8)
20 T I T I T I T I T

p=1,2,5, 10 (thin to thick) ]|

15 T T T T T T T T T

p=1,2,5, 10 (thin to thick)

0 1 | 1 | 1 | 1 | 1

0 1 I 1 I 1 I 1 I 1
0 2 4 6 8 10 0 2 4 6 8 10
Period (sec) Period (sec)
(b) A0tz ZEAR0 M2 ZBELUAAR(R) SEH =82 AHR)

(J2!3) HME(u=2,3,4,5,6,7 8,9, 10
Z7{2| X|ZISZE NFH1E2 ME5io] HE)

~

o] F7T)= 1%, 355 ZH38l(a)= 0.02, 74]R|(5)7F
0.055 ARgste] Fobglet. 1 225 b 28A
(02 gho] FE5E o] AFo] YA HH ente 2
AAG7E AAW o] AF(Bilinear) AFH fASH Ha &

=2
% Slek. AwgaAo] o oeA%e) SRSl 4%
& BA] 9f5t] Pk RAASE 1, 2, 5, 100] @

o] Qare Brso] Aasia o] 47e] A
#A07 desiint. AAltEe] dugt JA4F of
TS gte 2 A=A G(p)7) 1~32 HEY o tjFE &5

S.:H'T

>4i JE

01]% 97114 AXRE(u=2, 3,4, 5, 6,7, 8,9, 10)2}
ZHAGp=1, 2, 5, 10)0] THE =4
0] %hz o g shpe] 1] cfelel Slste] ey
At ARt sl BjERel ATlRe R AT e
SE199} 77]2] A)70e NF11< Alejstol 2gai9ich. 12
3(a)ol e e} o] ARESL S ZRgad
Si 2 e Uehith, T ARades AKe) 5

o et ZFAR(p=1, 2, 5, 10)0] ME L=

LA FRHEAHE| XIFICRE SE199)

of wbA 7o) wet RigshA Hekele FdE vehd
ok dRbE o2 27|71 00 7ke Atolle 4
Aae 1o 7Pk g HeEhliH A1 |9(
(@)°lMe 52 ole] F7]gbe A=l 77t
urebdict. @A) 2719l SE199] tialiAl= 0.5~4
of FtollA Ao 2 FrgdiArE Yeh

HU dlo ox
N
;o

d
E

S~ [9%)
T %
1o

o > &2 BN fo o

272 47190 NF110] s 4-102 Afo]] 77t
Ajdoz & AERAASE tehe & 4 gk 1
3(b)oli Pk 2AARp)) B FELASS] o

F= %ﬂﬂ L] SE19 2|77 20 tjaljAl: 2
AT AAPE Bt aAS 7 ZolA]
= BFE ‘%EPLHEI NF11 AR7]50] tfsfde= 5~102 5
7|9 oA YtE 2EALTF ALGE P AATE
F7Fohe A3 Uehdch g2l shuhe] A7k 7]
Zof tigt el 19 3(a)ol YER vkel o] o
A7k 7k S7Fshe AR WehiARt 13 3(b)ol
2AAG(p) 9] FFE EAT HFS ek

~8% ¢



2t SH9 o[2HSE olEst dEdaAIse| Et 55

del7] Slelie 13} =
S5 |25 et ZEnarlde) Baghs Taie] 1A
sfolof i,

4. BEUANSC| HOH S S5t SRS U
JIE HHiatel Him

Qi o2 FEaAeE sike] 2] Hajis A
1%*3011 weba] wtel) Wstee ofe Jje] Axle) Wit
o AMgatolof HFL Tetat 4 Ik B ATl HE 7
E%‘iﬁl@ﬂ et Aokl 2HAslr] fstel AR B4
271 9 grele Ralo] Aesii veky Agel 4
2t dgee nelgon] Heky olg75e] Fes ¢
W 2AARE WeR sl Ak 4 9F %

=AY SFEAS dRbo R & dAE Axle
95

rul

rlo

e}
T719F AredaAs PAS Al o8 7HE At
A 3t e

DTS
X

LA AL 2715 TR 5t 4] (9)9F o] 7}
atolom Aol web] Al a, b, e BFEAHT:
A1 (9)9}F ol 7HEE olfi= AN Aot 7
AR FEje] Sl #ET 4 e FAol7] diolth

R, =aln(1+T,)+bT, +¢ (for near-fault) ©)

A DA A DA E4T Al a, b cE A
el PAR Z47h R ol Qﬂ%ﬁfﬁﬁ} % A a
b, c5 94ES TR YR tefRt ke A

of Hside f19) IS et 2EAFE HpAA 7
Rhsto] 2oty Hot. & AollAe A=Al Al
S ARk A AL FEelal et 2
T pe 1, 2,5, 10 A3l 5 8714 499 Al
AASFA.

AlRtAle Foke e q{ Ao
2] ARlef st et 28AS p7t 191 7ol dfsto]
oto] I 4~70) eI B WA A 9] 3942
o2 Z 97| A= (u=2,3,4,5,6,7, 8,9, 10)9] tjs}
of A=eAsE 7719 R Id 40 YEigle
olE A (9)°ll 7H| Al S Argste] 34 st A

2 3F 20 LRl 2

@QOPE}E’_ o 4 ek

2% 404 700 et BEgaARe) SEA
HAF a, b ¢ ARl kel 7 o B Ee
Ao Gepfelek o] o] FuA) UA|o 88T
Aolek. A a, b, co AREO| BAE S|TEA 5} 73
1S Re) A FAIBHACE A adt b A 0R T
o ﬁxwlé{Rz)7}09997} gk A5 o AAA o

S~

Lol

(1.565)& %Lo}cﬁ 285k E}
A 8 BAGH1.565) 0.2 71T AHLof Az
l L}EPLH HM 7P°1 E}i XPOV} 31 o2 7

==

A Aot %E‘éh ﬁlT b= -0.234.4+0. 09zy1 g5
9] ﬂ—ﬂ%‘déﬂ}% ofztel ztolE uehn AAAS7}
o]-;d our xh;H;qo %I o]_;q EA=i=1 ﬂ?—]
w449 Xé@*t o ssjra 3 4> Qlrh
el hsto] 217 4~50] vhehdl g FUgH
= T o5 4 (9)F ol8elol
FEASI U Hede l ﬂiﬂ%] OPOFE} A 9= ¢
UL AA ]
WLEEU‘% FelA
AT A9 AretAaAeEt g2k 30~40%HE 2 g
& 7H7] giiZolck. @A A xle] it 3]EA o At
L ) SJste] ArAlE 4] (10)3) 2ol =4sto] 2|
B3t A 10y A-8sto] AAZ] Ao gt g
Aol SHRAT Aol Aedo] FH3s] I

=aln(T,) +bT, +¢ (for far-fault) (10)

2712 A7 AL 4 OF FEste] 4740 St
2AAG T SAAS S, A2 A2o] chapA
L4 (1002 B83te] 4719 ke 2AS BE B
& il 242 AR A g, b, 0B ool HBA
o2 3 30| vehelck A o, b AHme] Yz el



56 stEXFISss =28 Mi4H Hds (8H MI742) 2010. 8
Near-Fault (u=2) Near-Fault (u=3) Near-Fault (u=4)
o——7—— 1T T o—r—7——— 1T T T T 16 T T T T
2 R=1.889In(1+7,)-0.3857,+1299 | 12 R=3232In(1+7,)-0.624T,+1.527 12| R=4.612In(1+7,)-0.856T,+1.644
L R>=0.923 ] L R>=0.947 ] L R*=0.961 ]
& s -4 & sF -4 & sF =
41 .
0 L | L | L | L | L 0 L | L | L | L | L 0 L | L | L | L | L
0 4 6 8 10 0 4 6 8 10 0 4 6 8 10
T, (sec) T, (sec) T, (sec)
Near-Fault (u=5) Near-Fault (u=6) Near-Fault (u=7)
o——7—— 1T T o—r—7—— 1T T71 T T o—r—7——— 1T 71 T T
R,=6.022In(1+7,)-1.0847,+1.695 R =7.457In(1+7,)-1.3097,+1.699
2= R=0.969 7 - R=0.974 7 - 7
& & sl
4 Rp:8.9341n(1+T”)—1.538T”+l.668
R>=0.977
0 L | L | L | L | L 0 L | L | L | L | L 0 | L | L | L | L
0 2 4 6 8 10 0 2 4 6 8 10 0 2 4 6 8 10
T, (sec) T, (sec) T, (sec)

Near-Fault (u=8)

R =10.453In(1+T,)-1.7717,+1.607

Near-Fault (u=9)

Near-Fault (u=10)

R =12.In(1+7,)-2.0097,+1.523

R =13.583In(1+7,)-2.2527, +1.421

4 4 - 4
R*=0.979 R>=0.979 R>=0.98
ol 1 ol 1 ol 1
0 4 6 10 0 4 6 8 10 0 4 6 8 10
T, (sec) T, (sec) T, (sec)
(a2 4) 22| XIFol| et YHALE Z=LAA R, o & HI Bl HIMY SIHZM(JTE Z-A p=1, BHE 4=2,83,4,5,6,7,
8, 9, 10),
Near-Fault (p=1) Near-Fault (p=1) Near-Fault (p=1)
o—— T o——T— T 77— T T T —
i 16 T
2= a=1.461p-1.191 \'\
s | 2=0.999 | o= s [
% % ‘E‘ 12— —
3 sl 1 8 I A ]
= = g
gt {1 8 S 08~ N
O O 2 ]
W a b=-0.23211+0.077 r c=1.565 T
L R*=0.999 | 04— _
ol 1 P I Y B P B ol
0 2 4 6 10 0 2 4 6 8 10 0 2 4 6 8 10
Ductility(u) Ductility(p) Ductility(p)
(I 5) 272| X|Zlofl st YHALT Z=LAAL R, O FHM Tl HIME SIHBM(ATE Z-AS p=1, HHEZ #=2,3,4,5,6,7,
8, 9, 10).
7F EH 28y Al e 2R AROM s deilies 21(9), A4 (1003 3 35 o83t Alob4]ol ofgt =gt
ol E AL dAZ] Ao s e der Fo DASE ALTsle] Bled SHATEYS oY 3t
=ik BEAAAeE vkt 1Y 8w A=Al



2t SH9 o[2HSE olEst dEdaAIse| Et 57
Near-Fault (u=2) Near-Fault (u=3) Near-Fault (u=4)
6——T1 71 T T T T o—r—7—— 1T 71 T T ——T1 T 1T T T T
— — — — =4, +7)-0. +1. —
12 217 R=3.16In(1+7,)-0.6097,+1.565 12 A 4761[1(11{25’3 SG%SST” 1369
L RM:I.3881n(1+T”)—0.274T”+1.565 L R*=0.946 . F e 1
R=0.855
< 8 1 X 8F 4 < s -

4 6
T, (sec)

Near-Fault (u=5)
o—r—T——— 71— 7 T T 16 —

4 6
T, (sec)

Near-Fault (u=6)

4 6
T, (sec)

Near-Fault (u=7)

R =6.266In(1+T,)-1.1387,+1.565
R=0.968

T T T T T T T T

R,=7.71In(1+T,)-1.365T, +1.565
R=0.974 -

—r—T 71— T

[ R=9.129In(1+7,)-1.5817,+1.565 ]
Lk R=0.976 %

ol

4 6
T, (sec)

Near-Fault (u=8)

4 6
T, (sec)

Near-Fault (u=9)

4 6
T, (sec)

Near-Fault (u=10)

- R =13311In(1+T,)-2.191T +1.565
4 R=10.531In(1+T,)-1.7897,+1.565 4 R=11.921In(1+1,)-1 9917, 1.565 4 : H(R 2:On)m g
! R=0.979 1 ¥ R=0.979 ) ¢ ' )
P T S N B P P R T B . ol 1
0 4 6 8 10 0 4 6 10 0 4 6 8 10
T, (se0) T, (sec) T, (sec)
(O3 6) A% cE TBHUCE IHYAZIE 23S RO AHM THA| HIME SlpEAM(ATE ZHAS p=1, HEE 1#=2,3,4,5,6,7, 8,9, 10).

a=1.461p-1.191
R*=0.999

Coefficient a

o

Near-Fault (p=1)

Coefficient b

)

b=-0.2341+0.092
R>=0.992

4 6
Ductility(p)

(JRI7) Al cE BZAUCE DRI st R2| FHW T HIMY SFRM(AUE Z-A p=1, HEE £#=2,3,4,5,6,7, 8,9, 10).

[y

A& Uehel, 22 Bt 22 27 geolAL drAe) A7)
o] 97t TAR ARl vlsle] 2 el FEAAATE
Uhehiic], 1) &(b)olis i 285 p)o] whe
4A%] G AN R WAL AR O Tl Lt

701-5@



58 stEXFISss =28 Mi4H Hds (8H MI742) 2010. 8
(& 3) st SMO|HDUS 0|8t SUHME ZEUMAT R, HMQtAQ| ARZt
AREA ] TE A Smoothness (p) a b ¢
1 14614 - 1.191 -0.234u + 0.092 1.565
R, =aln(1+T,)+bT, +c 2 14444 - 1.665 -0.2281 + 0.155 1.849
(FAT AR Ao 5 14214 - 191 -0.221u + 0.197 1.876
10 1.381x - 2.011 0211 + 0215 1.93
1 0.538u - 0.655 -0.145u + 0.108 1.286u + 0.17
R,=aln(T,)+bT, +c 2 0.5164 - 0.819 -0.1394 + 0.153 1.255u + 0.093
(972 272 AL 0.475u - 0.853 -0.12642 + 0.169 1.181x + 0.026
10 0.458u - 0.855 -0.1214 + 0.176 1.152u + 0.029

Near Fault, p=1

20

20 T I T I T I T I T
Analysis, ductility =2 to 10 (thin to thick)
Regression, ductility = 2 to 10 (thin to thick)

4 . 6
Period (sec)
(a)
Near Fault, p=5

APz mME

Analysis, p=1,2,5, 10 (thin to thick)
- — —— Regression, p =1, 2, 5, 10 (thin to thick)

Far Fault, p=1

T I T I T I T I T
Analysis, ductility =2 to 10 (thin to thick)
Regression, ductility = 2 to 10 (thin to thick)

Perlod (sec)

I Hlw(p=12 1Y)

Far Fault, p=5

Analysis, p=1,2,5, 10 (thin to thick)

— ——— Regression, p =1, 2, 5, 10 (thin to thick)

0 PR T I T T B 0
0 P4eri0d (sec6) ’ 10 Perlod (sec) ’ 10
(b) 2Ttz EHAp0 ME ZELAAL FE Hlu(y=58 1F)
(2 8) HIEHY SHAWEH siMut sHEMo ofFt Z=ZAHAs HetAate| Hlw
Wolrk St RAASTE 2 2k PASRE PEGaAS  FRIRE JugaAit F715H 54 depic
L ZobAl EAS Uehdith thA] WabE, ujsy ol whmol mhE ZEgiaAe) Aol )7k 22630
o] FAjo] ket Fejol ] BAAY meel ol dF FH) Sl 2A WA Yekest ZATSE 10~15% %
o FHNNSE BEgAAGE Aol AFS U o EaAS Z7HE tehich 249 Aduthe €

o th2A F@shE SA4F ol AEY EAQ emtert 2] A719] 77t ebieo] wpE FregtaA|a=o] Afol7} K

fist



g 018 SE 0188 B=Ziadlsol Eut 59

Proposed (p=10)
- ——— Miranda (Rock sites)
——— Miranda (Alluvium sites)

0 1 | 1 | 1 I 1 I 1
0 2 4 6 8 10
Period (sec)

= = = = Proposed (p=10)

— Miranda (Rock sites)

————— Miranda (/-I\Iluvium sites)
I 1 I

ol 1
o 2 4 6 &8 10

Period (sec)

(a2 9) 2 ATUIM HMtst =LA %(proposed) 2t 71E2| ZE=ZAHS H2HA(KN, NH, VFF-BI, RHC, AH, Miranda)zte| H|w(u = 5)

o 27 Uehdek

ARG ) ®)0] Aol Heh ol BAAEAY
TEE W AFAY QPHER e GhS et
o 720 BRAERE oA Qv 247 oleAse
HEAPAA ] ABFORN TR 2T ATFHE P

Fatithn @ 4 olck AmAow dust T4 ol
l

d
RHgehiAE FAEHS 29 5 e FAAL 2A7 =
EE A Uitk U Ak sl e

€ 857 87 AEE A W
stoiz= 7] el AR iRt AV 7RssHAl &

ok oldehd oY Hide ARNESto] FEe] wEd A
AE she 45 Al P22 71ed AR gRket =
AR o7 e AFette FegaAleE S
For LS By o HrisH it

Fobe FEjo] FEAY ofgrdof distole o

b

TFAECl ol AEgaA 7L AR Ak A AR
Ao 7L Arias@t Hidalgo(AH)(g), Krawinkler®} Nassar
(KN)'?, Lai®} Biggs(LB)"", Newmark$} Hall(NH)"?,
Riddel, Hidalgo®} Cruz(RHC)"™, Vidic, Fajfar$} Fischinger
(VFF)', Miranda"¥ 2] Aek4jo] glom 2t Aetale] i
A AT o] 59 ARE 2Fete] Hagte] YEhd BE
o] i =oA H7|eket 719 AQHAlel ojgt 7
Aot B AtelA] Albet gt aAl=E 19 9|
Ae] 9 dAY ARlew FEsto] vluwsigitt 7]E9
B

2

ri

[9FA) Solldd= A= Axle]l telid= VFF-BIA)(VFF
ilinear HLRlo] Tk AR Sjuf)o] AA| A7

159] ggrmEay Al Jbg 2 AnE U

=

>

]

J

AN
=
S
7

Ehi, 917E] Z|zlof dfaliae KNAo) 744 gk Ak
S vehdch Miranda 7} Aok Al Agke] 24 o

HH} 22 E(Alluvium Site) 2 T-2510] YERN ST Miranda
AHARE F717F 0~3291 7t thsfiAnt 3lEA]sto]
lo]7] W&ol 32 olF:9] 7] gelolAl 2 Ao
sk 4 A5 S & 4 ek Mirandad)
Aol Tk Alo] AP #x1e| -] sfAd
IgelollA 2 ARjshe AHE Lehe

~

-+

o e ook

d

2

i)

]

>~

e o
(98]
& o
X
B
N
N

c}.
o] AlgHAle] 71 AlekAle] wlste] HA] 217
of vgky SAAEYAN] o3 At 74
He 232 e & 4 glek ol 7189 At
elot AAe) AHOE ANEAE T
o 171] B4ol BAge] FAT FEALAS
b) uhiolm, gt 7)) Agto] £ ¢} 2
Rt A 7158 EPSHE Slo] obd £40)
AR AAASE F ST Agdte] HrhEol] e
= B

X
N gy
ﬁﬂ}ﬁ o

0]
=2

Rl
Ol

flo

¥ 1> o
b & |

7

CoHr X

al

Flo mjw
iy
o

i)
O O

5 4 E

B eRol A ol 418 oleAE gt vAY S
GABERS T} o) 2HE FELASE AHE 3
SzA B7RAsl0] Aetale 2sidt. Aol |
o] B4 272 At YA AHew FHal T3}
glon] T4 old A Ee gnkris 4711 A9 THalo]
Heslo] o e AR Aot



60 stEXFISss =28 Mi4H Hds (8H MI742) 2010. 8
1. 71 Frgtare] grte] def Ak 28 Agnd FaBEHA, dabraEets] =2 A 219, A 2
Hroj= % &} Lo ;\}gg olus} Oé NE 3, 169-187, 2008.

CHEA IR, Y, SRR W e Tefe

o

o
9 AR B el A
L QuEoR 2R Z7)% AN uge 4%
2 pgoE B ane] ASE Flok IHEY B
24 FERAAS AHALS eRhgict
HEAAR] HE THolA B o] g
AN o Hrk Ngwrh A o 15% o]y
o WlolN FEgaARY F7l) o G Fu

o
o U
o)
1%
S
olft
lo
(E
o

Ql eter} S7FekE ezt
Age $718ke 54 UEhdh it uhE 2}
H9loll A A wAYsh 10~15%
=9 3715 yehdck A AxlEce 4AE] A
o] 57t gntof| w2 ZwgtadAlae] Afol7} Kk

A B AT AT a2 RE Heky
AASTAHERS HEhy SHE YR i
o 4 Boks] Qstel ALEE, olg ARgab o
FAdEHIH A 48 AFEY(Demand Spectrum)
& 7ietelA) 8 4= ok R Q] FERAA Ak
48 olepasEg wo] Hgahn AMTzEe] 9
RISt ofSAES wep ek wgshe ajaZl
Aetilo] paelelet gk

54, BN, A9 Yake BEo are neld oy
wpo] WAl H7HE S1gt Hisky AHs, dekes

=822 A 254, A 6AS, 1163-1176, 2005.

-

?_1:
By

“

AR A, st

[

gzt wEFe] WilAds HrHE Y3 viety A 3t
ERS A, A 2634, A 3AZ, 473-484, 2006.
+34, A3, A%k, 493} “HAIZIYE A T2 Eo

[¢)
et S W 2 57 @A Al U o

10.

11.

12.

13.

14.

15.

 axA,

. Peng B.F., Conte J.P.,

. Hidalgo, P.A.,

. Chopra, A.K. and Goel, R.K. (1999) Capacity-demand-

diagram methods for estimating seismic deformation of
inelastic structures: SDF systems, Report No. PEER-1999/02,
Pacific Earthquake Engineering Research Center, University
of California at Berkeley.

Aok, A W UA A Ao et ulag
Bo| Zrugade 4P, REERsEEg, Al 273, A)
3A%, 321-337, 2007.

L5574, e SRATE] Yg Suet 247 o7
5o] ofa BRANFEE =5, A 147, A 15, 19,

2010.
“Statistical insight into constant-
ductility design using a non-stationary earthquake ground
motion model,” Earthquake Engineering and Structural
Dynamics, Vol. 26, 895-916, 1997.

and Arias, A.,

earthquake-resistant design of buildings,”

“New Chilean code for
4" US.
Nat. Conf. Earthquake Engrg., Palm Springs, California,
Vol. 2, 927-936, 1990.

Krawinkler, H., and Nassar, A. A., “Seismic design based on

Proc.

ductility and cumulative damage demands and capacities,”
Nonlinear Seismic Analysis and Design of Reinforced
Concrete Buildings, Elsevier Applied Science, 1992.

Lai, S.-P., and Biggs, J.M., “Inelastic response spectra for
aseismic building design,” J. Struct. Div., ASCE, Vol. 106,
No. ST6, 1295-1310, 1980.

Newmark, N.M., and Hall, W.J.,
for nuclear reactor facilities,”

“Seismic design criteria
46, Building
Practices for Disaster Mitigation, National Bureau of
Standards, U.S. Department of Commerce, 209-236, 1973.
Riddel, R., Hidalgo, P., and Cruz., E., “Response modifica-
tion factors for earthquake resistant design of short period
structures,” Earthquake Spectra, Vol. 5, No. 3, 571-590,
1989.

Vidic, T., Fajfar, P., and Fischinger, M. “A procedure for

Report No.

determining consistent inelastic design spectra,” Proc. Work-
shop on Nonlinear Seismic Analysis of RC Structures,
Bled, Slovenia, 1992.

Miranda,
Journal of Structural Engineering, Vol. 119, No. 12, 3503-
3519, 1993.

E. “Site-dependent strength-reduction factors,”




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


