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Analysis of the Spectrum Intensity Scale for
Inelastic Seismic Response Evaluation
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214 %(Single Degree Of Freedom) J-2E9] AJ7to|galjA] 438519 om, 42|84 nde &4 eraA)(Perfect Elasto-Plastic) 2. & 7}
Hohc). A= U A5 Bl Centro NS(1940)2] 22 2709 A4I0k8 E3ke 2|25, I BARs1E AHgielch olot 2o
FA34E Fdto] PGA7E 5Uek g A Xuksol thaf HIghd AX-SEeAlS aystaL, 2 A Xlato] tisto] MLAG =L} FA 4kt
UA)Z Btk 1 A3 Be PGAS FpAEleke Axinjol ue AR e S-S shelst % itk Hebd 27e] S ofe)

T e AR 28Y AR ddH. A2E9 g SHe HEY 4= Y= SI(Spectrum Intensity)
£ sEguauEds] WHTLol Y 482 Bolol @ 4 otk ole SIo MR 9 RusAoA el A BAS
Foto] L2EY] AMof gt HE -S| RO E St Afsitte A ERIE 4 Atk

22 r_\Tl
.>i
o ™

F20| sfEYYE, ARANGE, JAUE, Nl A0S, A1)

ABSTRACT >> PGA (Peak Ground Acceleration) is the parameter which indicates the peak value for strong ground motion and
is mainly due to the intensity of the seismic wave. Usually, seismic waves can consist of different characteristics and can have
different effects on structures. Therefore, it may be undesirable that the effects of a seismic wave are evaluated only based on
the PGA. In this study, time history analysis was executed with a single degree of freedom model for inelastic seismic analysis.
The numerical model was assumed to be a perfect elasto-plastic model. Input accelerations were made with El Centro NS (1940),
other earthquake records and artificial earthquakes. The displacement ductility demand and cumulative dissipated energy, which
were calculated from other artificial earthquakes, were compared. As a result, different responses from other seismic waves which
have the same PGA were identified. Therefore, an index which could reflect both seismic and structural characteristics is needed.
The SI (Spectrum Intensity) scale which could be obtained from integration by parts of the velocity response spectrum could be
an index reflecting the inelastic seismic response of structures. It can be possible to identify from correlation analysis among the
SI scale, displacement ductility demand and cumulative dissipated energy that the SI scale is sufficient to be an index for the
inelastic response of structures under seismic conditions.

Key words Spectrum Intensity scale, PGA scale, Strong Ground Motion, Inelastic seismic response, Artificial earthquake
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BafjoF gir}. dAA7Hx] A-tE Hpo wEH Peak Ground
Acceleration(PGA), Peak Ground Velocity(PGV), Spectrum
Intensity(SD5-& A5ke] =g Urehir] St as
2 ArgElo]A 9kt Matsumura(1992)= F2E9] 37
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SI7} Qlt}. Arias Sl 7R5=2] RMS(Root Mean Square)
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2.1 Scaling Methods of Spectrum Intensity

2.1.1 Housner SI

SI= £ 2thAdlElS 7|R0 2 sl JLRE9 AE
%719k 7RaJule) Feroln, FEBo] HjH|i A719] S
FFUEEE IO Lepd Zolk

Housners 4 8ATEZo]A tieo] xxlo]uX
7t AEEE ke 0.1~2.529 Fr]9der HHsIe
o o5 olgsto] 4] (1)I &2 SIE At o714
SVe SegHAEY, T= 7229 77, (= 44
(5%= 7H)E <fniRith

- 1 25
S]H—ﬂ/m SV T,£)dT 1))

2.1.2 Nau and Hall SI*"

Nau and Hall SI&= 127] A|A-5H9] SAHE(Ensemble)
& o]ﬁ.ﬁ]— X]X]_Q_DF_/_\_IAIEELI_,] iﬂ]oml(Scaling)‘*mO]E}
F2Ee] 7] Welol ufet 4] @~@)sk ol Lekd 5 9)
o A @ 7R ool SIE BE] FREd] 483
% 9lek 4] 3)9] B9 £EG9 Sloln] w7]oh 4%
7] Apo] % 0.5-5.020] Fxo] g3 4 glom] 4] (@)
L 91999 Siom %] FRB] HEHh

JE— 0.185
ST = f SV(T,€)dT, for T, €[0.118 ; 0.500] secs  (2)
“ 0.157 0.028 "
J— 2.000
T=_ L / SVT€)dT, for T, €[0.500;5.000] secs  (3)
C L1715 J (s g
i 1 12.500
Sh=—— / SV(T,6)dT, for T, €[5.000;14.085] secs (4)
8.333 J 167 "

2.1.3 Kappos SI'”

Kappos SI-= Housnerof| 2J3f A|¢He SIE 7)jAlste] A
Ttsk 71¥H(Normalization Technique)o] Z-8% 57,2 At
3tlek Kappos Sl F220) I357]19 Wl 13} 1,
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2.1.4 Matsumura SI”

4] (6)2 229 Ak A3 Ao ZFwe digh A
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2 A —
Azle) 75 et BANEAZHE, —1,) (2] G )
[=] [=]
7.0-7.5 2 13 9
6.5-7.0 1.5 10 7
6.0-6.5 1 7 5
5.5-6.0 1 6 4
5.0-5.5 1 5 4
(& 2) AZXTImZie| HEA(p,))
A-01 A-02 A-03 A-04 A-05 A-06 A-07
A-01 1
A-02 0.0359 1
A-03 0.0036 0.0408 1
A-04 0.0098 0.0399 0.0080 1
A-05 0.0078 0.0106 0.0037 0.0116 1
A-06 0.0327 0.0519 0.0577 0.0130 0.0079 1
A-07 0.0214 0.0299 0.0092 0.0086 0.0203 0.0197 1
0.2+ 0.6-
— Artificial Earthquake Response Spectrum
. 0.5+ — Design Response Spectrum
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322 A= A9}

HlEkA Alzbol 2l Aol AMgE A1% A%k El Centro
NS(1940), Taft NS(1952), Northridge NS(1994), Kobe
NS(1995)5 20| Agsio] dhEA o A8
= A AuhE etk 13 4-69] (a) Azko|2a Al
AEE A2 AAs] A AZkol2e el 13
4-69] (b= SHAMEYS L e,

(imx Dlsplacement
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3.4 H|EM X|ZI2%H(Inelastic Seismic Response)

& Aol BRIA}; Sk HEA RS HS W9
ST (Displacement Ductility Demand)@} +%AAlo]L %]
(Cumulative Dissipated Energy)o|t] 13 79| vgtA o]
grglg 2E 4] (9)2 4 (10)S o83t AAKEE 4= Qich
4 O ANAHES ololaln BAFE oeRdel 3
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oA AhHISlE FEMD e B S ehich
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4. PGAS} SIE 0|2

4.1 PGAS} HIEIM X|ZISEHEM

drrH oz WAHA A 21
FHOZ A PGAS F&2 AFQOP‘R"i
_“

Eh:} o]—X]U]' a‘dzﬂﬁ}x] 7] 2y 2
16}13% A3t PGAS] Q14|
A sl WA AMgsles WAl

Aae] EAdo] wet 71 ko] thE S 9

3h= Aol wEkA PGAE ol8-5te] A3l

o] ehgtaA] SISk Slako] okl
PGAE 7}A]m] A2 A340] gl 770e) <l

01%0}0% g Azl Takaict. olw o

MERA ARAFEAN( Gk T8 F7)(T,)5

] ocro
o H=

T 4-62 3 PGAS 71 )2sjo] dheto] 2213
B w2 Hlek Aewl MeIAHES tehl A
oft}. 72T F 79 2L Ao thgt AL AE
e Rolth. 18 8-9% obd Awdt mE wAIsel]

© 3% 7ol UEhd oleimule] sgus olgalel By HER AT 2% 49‘%
&(Restoring Force)& AARE Zola 4] (12)= 18 79] L Ao §4o] 7] th=ER A= thE AZ-3Ho
HOJoTkS AAHE TS UERd AOZ oj7]A] £ 9} 6, YRS & 4= Qltt 19 83 904 F2E9] 717} 2.0
= 747} i stepo] Bt wojolc), 24 A TYA Aol EAsk= AAE HolARt, o=
Zmo] HIgH] FA7IA] o] 2] fhot e P HelA] ME7]
1= Ona /9, 9 e ALR ok S HAILE w7t 1oJ8k] g
ZHER HgHy] 9] SHoR HY| FEthe vt |
Ve=21F AD, (100 ok 9EA PGAL AMute] ZEs Uehje ghoz 23
i=1 L
ko] EA7HA] e 7)ol H 6]']:}"1:‘ A& L 49l
. /d ODI—E /d = A olrll-
o7 & £ 9lth
AD, = (5 ,,—6,) (12)
(& 4) BRI} 77He] HHSYE(C) =0.1)
SRt T =02% " =0.3% " =0.5% T =1.0% T =20% " =25%
earthquakes
A-01 7.08 405 2.78 1.67 0.69 0.61
A-02 16.81 3.81 2.61 1.36 0.78 0.55
A-03 6.23 10.33 3.20 135 0.78 0.52
A-04 7.80 11.07 3.79 1.47 0.79 0.59
A-05 6.70 7.86 3.91 1.51 0.76 0.68
A-06 6.85 9.18 6.54 1.58 0.82 0.63
A-07 7.8 8.04 2.65 1.79 0.71 0.61




S8t Spectrum Intensity Scale

(i 5) ASX|TImt 77He| HAHAYE(C

Artificial

T =02% T =032 P =0.5% =1.0% =20% =25%
earthquakes " " "
A-01 2.25 2.24 1.28 0.65 0.27 0.24
A-02 233 1.86 1.19 0.62 0.31 0.22
A-03 1.68 2.16 1.46 0.59 0.31 0.21
A-04 2.53 1.67 1.14 0.64 0.32 0.24
A-05 1.48 1.92 1.35 0.64 0.30 0.27
A-06 3.03 1.50 1.31 0.53 033 0.25
A-07 243 1.85 1.37 0.58 0.28 0.24
(& 6) USBX|ZIm} 7749 HLHME(C =0.5)
SRt T =02% T =03% T =052 T =10% —20% —25%
earthquakes " " " "
A-01 0.77 0.71 0.61 0.33 0.14 0.12
A-02 0.82 0.72 0.57 0.31 0.16 0.11
A-03 0.85 0.77 0.64 03 0.16 0.1
A-04 0.81 0.79 0.6 0.32 0.16 0.12
A-05 0.79 0.78 0.63 0.32 0.15 0.14
A-06 0.79 0.73 0.58 0.27 0.16 0.13
A-07 0.78 0.69 0.61 0.29 0.14 0.12
(2 7) AUZX|IZImt 7742] FHAMALXIKN - mm, & =0.1)
SRt T =02% T =03% T =052 T =10 T =20 T =25
earthquakes " " " " ! !
A-01 2429 4492 2183 1325 27 18.1
A-02 2698 3682 4651 1078 23 3.7
A-03 2103 4259 2584 694 9.9 9
A-04 2658 4691 3055 1300 2.1 1.1
A-05 2649 4827 3250 1084 0.2 62
A-06 2830 3743 4640 685 1.3 23
A-07 2366 4291 4267 1653 48 1.3
(& 8) USBX|ZIm} 7742 FHAMOLRI(KN - mm, G =
Auititsil T =023 T =032 T =05% =1.0% =20 =25
earthquakes " " "
A-01 300.4 735 2652 1 23 18.1
A-02 69.2 910.2 402 04 23 3.7
A-03 199.7 1480 666 34 55 48
A-04 425.1 1268 411 1.7 2.1 0.6
A-05 373.1 1050 429 0.7 0.5 29
A-06 184.6 553 594 26 1.1 75
A-07 304 1382 900 1.3 0.9 12
(& 9) AZX|Zim} 77H2| FHAMNEHX|(KN - mm, C, =0.5)
AT T =02% —03% T =052 T =10 =20 T =25
earthquakes " " " !
A-01 0.8 0.9 0.4 1 23 18.1
A-02 1 0.7 0.6 0.5 23 3.7
A-03 0.3 36 0.9 0.8 34 3.9
A-04 0.5 1.8 1.3 04 2.1 1.1
A-05 0.2 0.3 1.4 0.9 0.5 24
A-06 0.5 0.6 0.8 0.7 1 2.1
A-07 0.8 1.4 03 12 13 1.7
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(c) G =05 mo| HeAINE

(T8 8) XITEg=Aro0 ME 2l

OH

X|Zimte| HeHYE Hat

4.2 sigt HIEHY X|TISERe| HEHEA

SI7} PGANT ANEAS Felstar] Haahe 13}
7] Slstol AAE T7e) ABANTED 455 A=A
TE5 olgsto] Hlgt A siA S 3stglen] 1 At
5 HEA ARG SIO) AHHAE T ZE U
ol Bglth ARE AlEX]|Wul= El Centro NS(1940), Taft
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