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Fig.2-1 Coordinates for an Element
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.. b B
pi”’fj +p, ’ ;=P (2—-26)
. ] — -
pex']j +pex] j—pex J (2 21)
(2—=24)~(2-27 )REo&xX%B 3,
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{
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So = [b(yldy = A
1= JeGolyldy = 7, (2—-33)
Se = fbo(yly2dy = I
Sy = Jb(y)lyl|3dy

LT T~ by NAE LG 6Bl y OB TOREDETH %,

W TR % MBS TR T B BB S LT BEA 12" Gaus s A RV TU % . Gaoss
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BUER 2 EfT77 5%,

2—2—5 [EHE—EEBHE ,

AKETid S OB —ERBERCET 2 FEOERER OMEE & 2 0E F e D0 ThN
Bo 1212 U ERIVMIE RS S S 4 1 RE LTV 3,

—EBIREEEOIGNE ~BEEFRC 2 TRECE K OERIMFESHH - BERIEL 0.5 ZLUT
DEERBEFCCyclic-—Softening, 0.5 BLULOEERBE R TCyclic—Hardening
FRCTCEBREINTOE 2D, 2. WESR 2D WARREL T Ob 5 EREL TR
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Table 2-1 Actual Dimensions and Loading Programs of Test Frames
Specimen Column Member (mm) Beam Member (mm) P (P/Py) |Loading
name D B tw tf D B tw tf | (ton) Condition
FM 0 174.9}173.2| 7.42{10.32{250.3{125.0] 6.21] 8.90] 0.0 Monotonic
FM 5 175.6|173.5| 7.90110.71|250.6}125.7| 5.98| 8.82[70.0(0.489) |[Monotonic
FC 0 175.8(175.1| 7.61|10.79{249.9/125.5| 6.31| 8.93| 0.0 Repeated
FC 5 175.61174.8] 7.53]10.70{250.8(125.5| 6.03| 8.94|70.0(0.516) |Repeated

—1. BERABR L bR 12

W ORISR Table Table 2-2 Yield Stress (ton/cm?)
22l ER 2L hAEIFALT Specimen|{Column Member| Beam Member

name|Flange| Web Flange| Web

Rt BAFCE TR 6

FM 0 2.70 | 2.77 | 2.70 | 3.48
W TR SRR R A L FM 5 2.78 | 2.73 | 2.88 | 3.59
BRIGIE R 7 5 O ok FC 0 2.68 2.48 2.86 3.47

FC 5 2.70 2.93 2.56 3.45
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Table 2-3 Dimensions of Test Specimens

Specimen | Width | Depth | Length | Slenderness
name (mm) (mm) {mm) ratio
SR 4 C 15.45] 14.90 174.0 40.46
SR 8 C 15.21 1 15.07 349.0 80.23
SR12 C 15.42 | 14.96 521.0 120.66
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Table 2-4 Maximum Compressive Axial Forces (ton)

Specimen Por 1/2 cyecle 3/2 cycle 5/2 cycle
name [min (Pe,Py) P P/Pcr P P/Pcr P P/Pcr
Experimental|5.9 [1.100{3.8 [0.708{3.1 [0.578

SR 4 C 5.364 Bi-linear 4.913/0.916]4.850/0.904{3.407|0.635
Bauschinger [4.913/0.916[3.516[{0.655]3.047|0.568

Experimental|5.8 1.086[2.2 0.412(1.7 0.318

SR 8 C 5.341 Bi-linear 3.763|0.705|3.763/0.705{1.900/0.356
Bauschinger[3.763]0.705|2.283(0.428(1.708|0.320

Experimental|{4.0 1.218i1.6 0.4871.65 {0.502

SR12 C 3.284 Bi-linear 2.389{0.727(2.002{0.609|2.501]0.761
Bauschinger|2.389(0.727|1.889{0.575{2.188]0.666
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Table 3-1 Earthquake Excitations

ETHEEAR LTy Vmax mean square [duration
(gal) (gal?) (sec.)
= L= b LRkt El Centro,N-$ 500.0 19900 7.0
10 o hE " 300.0 7160 7.0
Taft,E-W 500.0 16700 7.0
ghe2peHI. Ta- " 300.0 6000 7.0
th ke,No.1 . 1278 0.0
ble 8 — 1 {C AJJHLE, Earthquake,No 331.6 2786 1
Earthquake,No.2 323.4 12746 10.0

ZERRLTHL,

3—3—3 WMIBERLIER

Fig. 3 —6ic. BRAKQ LBHEENA Ju / hORKGEBZRT. CORD LI LD /LHE
b BELEER USRS BEL2ZERLUIEBA (Bi—linear, 7=001) k<T@
max IEOSEA U (4o /b ) max [GEVWAT 2E@ERTH 20ERNS O BORETRE
BirE 5 ND T 5 MEEESREROE LVWELEEYD 6 c, —F. Bauschinger ZE
HERUNTERERT. BE LSS (Bi—-linear, 7 =001) @ENT. Q maxEEFB I
U EIDCyclic SofteningdFRPHERRL T %, % 7. COMHNETFCoD S
T (du/h ) max IGEBRERCNSOOR BEBRESEHCHBNTOI2026THS 3o

Fig. 83 —T@. @—4u/MBGROBREERT. BERAOEECE BV —TEROERITIZEA
Ernds, BEAEZERTAEPlastic Drift CIREMITEHOBE ) A% {2 2EMPE
»Hid, Bauschinger $RZ2ZET2E. Cyclic SofteningiCk3EVERME
TOMEETZRTH. COFEETYS 1 fRCEEEBSRBT 2028720824650 &
PHEHAD.
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Table 4-1 Natural Period

‘ ist 2nd 3rd 4th 5th
DEtailﬁggel 1.149 | 0.433 | 0.249 | 0.168 | 0.119
Shear Model| 1.149 | 0.465 | 0.300 | 0.222 | 0.170

1st!(1.000)](1.075) | (1.202) | (1.322) | (1.426)
Shear Model| 1.114 | 0.446 | 0.288 | 0.216 | 0.165
2nd| (0.969) | (1.031) ] (1.156) | (1.282) | (3.390)
Shear Model| 1.080 | 0.431 | 0.278 | 0.209 | 0.161
3rd| (0.940) | (0.997) | (1.117) | (1.241) | (1.352)
Shear Model| 1.045 | 0.419 | 0.270 | 0.202 | 0.156
4th|(0.910) | (0.969) ] (1.084) | (1.200) | (1.310)
Shear Model| 1.017 | 0.411 | 0.264 | 0.197 | 0.151
5th|(0.885) | (0.949) | (1.061) | (1.170) | (1.267)

OB 2B TR~ 1 OGTEREREZA WV TIT 2 -7z, Fig. 4 — 2. &EHAH#
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Table 4-2 Difference of Response

El Centro,N-S Taft ,E-W

Qmax (Au/h)max Qmax (Au/h)max
Shear Model 1lst 0.162 0.217 0.168 0.129
Shear Model 2nd 0.207 0.186 0.096 0.097
Shear Model 3rd 0.302 0.216 0.145 0.194
Shear Model 4th 0.434 0.252 0.205 0.296
Shear Model 5th 0.536 0.269 0.309 0.418

INHORENLBELNLLIIC. Shear Model 1st &2ndizDetailed Model
OISEEC U TR L 254 T 5. Shear Model 8rd, 4th, 5th X E1
Centro, N=S @3 3BRAMNNGERFTatft, E-—Wiextd 3BRLHIGEIR 2T De—
tailed Model MEEMEFLLELRHY . BIIREI2ZE L CHIMST 2B FE L2 Shear
Model 3EZDENKENC EBEAIND, L. REEBEEY T 1 IRV £EDGE
CEEAEH 2RI TDT Table 4 — 1 WRULEARBERAPNZEI Shear Model O
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‘Fig.5-1 Frame Geometry and Seismic Load
Table 5-1 Plastic Modulus (cm?)
1F 2F 3F ar 5F
*
571 Column 2171 1782 1447 1086 844
*
Beam 3077 2709 2301 1818 844
*
3F1 Column 1148 873 844*
Beam 1802 1538 844
Interior Column| 2166 1699 1441
*
3F2|Exterior Column| 1148 873 844
Beam 1802 | 1538 | 844"
Table 5-2 Natural Period (sec.)
lst Mode an Mode | 3rd Mode)4th Mode
5F1 Horizontal 1.148 0.433 0.251 0.169
Vertical 0.198
3F1 Horizontal 0.945 0.324 0.190
Vertical 0.199 0.136
3F2 Horizontal 0.924 0.319 0.196 0.183
Vertical 0.136 0.096 0.081

ASINELIZIZEL Centro, May 18, 19400N -SRI EU—-DRSI KL Tatt, June
21, 19520 FE WS U — DR RA U KEHBIOE AR yHmax 2500 gal &
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b 8B & Uizo AJISELOBAINEE & AFREHMER , (0) Z#Table 5 —3RTH. HE
il 5 b B b e X 51T Taf t HBIRESERS & KT D 2 = 2 R VEREE 0O HAS ol A
SORERETHD D,

Table 5-3 Earthquake Excitations

Horizontal Vertical
Earthquake
Compo. | YHmax Rii(0) Compo. | ¥Vmax Rii(0)
- 2 _ 2
ELl Centro, N-S 500gal{19900gal U-D 403gal| 6930gal
n ” n "
May 18, 500 19900 0 0
n n " Ll
1940 300 7160 242 2500
3 O 0 n 7 l 6 0 ”n O 11 0 ”
Taft, E-W 500 16700 U-D 389 11700
" " L1 "
June 21, 500 16700 0 0
n " " "
1952 300 6000 233 4190
300 " 6000 " 0" 0"
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Fig.5-2 Normalized Power Spectral Density
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Table 7-1 Story Stress Response of 5F1
for El1 Centro .
(¥Hmax=500gal, yVmax=403gal)

Stor Time (sec.) Q(t) N(t) |M(t-cm)
Qmax 5.93 21.7 21.2 3450
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Mmax 2.87 34.1 81.9 23928

Qmax 5.08 40.6 107.0 17000
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( 5F1—weak beam , 8 F1—weak beam)
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iz, BEMOHEMAEE L EEEAY% Table 7T—-21RT. TOERRKRTEBD. KFE1RE
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Table 7-2 Volume and Natural Period
5F1 3F1
N k P k
original Qmax over weipam original Qmax over weﬁ
3 Beam 0.414 0.412 0.421 0.389 0.187 0.187 0.190 0.174
Volume (m*)
Column 0.459 0.461 0.452 0.484 0.209 0.209 0.206 0.222
Natural Horizontal 1.180 1.186 1.208 1.204 0.965 0.964 0.963 0.966
Period(sec.) | Vertical 0.261 0.262 0.239 0.246 0.261 0.261 0.250 0.255
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%9\ Table 7 — 8 KAELKRTHOAN A ¥ & RELETE 2R, Table T—2 KR LI
o, FHFEOERKR L 2BHOBELBERBHOEMLII/NIODT, TableT — 3BT
AJIT A0 ¥ — R ORISR 12— EE R T a9 ¥, e, ARCRIABHSEDR b
MROEHS~ODE?RZ . QDBHOEMIE. BVHEABEO x V¥ - 2HHLT3C
&L 7. B OBMOEMOREEER. @ OBHOL 2T T b, KEMOBHEALZMET 2 &
VI BN IETER SN TS L EBbd 5,

Table 7-3 Input Energy and Internal Work for Taft

5F1 3F1
sos weak s s weak
original Qmax over beam original Qmax over beam
Input Horizontal 975.3 992.5 1014.4 1005.7 685.4 688.1 673.5 650.3
Energy Vertical 156.3 197.8 204.8 219.1 117.3 124.9 129.9 115.0
(£-em) Dead Load 364.2 395.9 297.1 il9.0 302.6 305.5 262.3 301.6
Total 1495.8 1586.2 1516.3 1562.8 1105.3 1118.5 1065.7 | 1066.9
Internal Beam 665.7 713.2 543.4 926.9 475.9 479.6 439.3 724.6
Work| Column 544.7 562.3 642.5 294.0 473.6 477.3 459.0 195.6
: »
(t-cm) Total 12310.4 1275.5 1185.9 1220.9 949.5 956.9 898.3 920.2

HIAORELEE R, BB HTFREM RS 22 TR TZHOMEE T 2 v — 2 HHEH
WEoTy ERTTIE LT Fig 7 —BITRT, L. BHE>WTIE 2RKORMOEEHETH 5,
% 7o, Table T—4IC & HH O BIGLAPIRBIEO T (lm , BERE0 . THEKY 27T

CREBEWEBE LS. ()DBMEE S L OB EAROGEMER L. 5F 1 FEICHNT
FCHE TH 5 FERHBHMADANT = 2 V¥ —~OEFREEMIN TRV, —H. QO
B EEEH OB B Uy KT AN BEEOBERER CEBRBIZ TR TS EOFH X
Hh &L, EMHOBEAS—~BLTIEAEZR LTV, COKRIZ. BRAMIUANDBEGH
PMBERFT EBRITZ2DEOD L 2HLLICTE D TH D, . (8 OFHIZ. b BHH
BRBEZHBLTO20INLT. BYBEBRBCREITINTOSOTRAKICRLUI LR TEY
WAL IR M DR TTL IR OEBREIL, (20 B K0 S /hE <, Y OB —BHE InTV S,

Table 7-4 Normalized Internal Work Response for Taft

Beam Column Total
m o] v m g v m o v

original 7.44)10.12|1.360| 4.01} 2.73|0.681) 5.15| 6.46(1.253

5F1 Qmax 7.90(10.02|1.269} 4.35| 3.26(0.749} 5.53| 6.5911.191
over 5.56| 6.61|1.190| 4.68| 2.68(0.573| 4.97| 4.42,0.888

weak beam| 9.65| 9.25[/0.959| 1.87| 0.97]/0.519| 4.46} 6.52}1.267
original 9.63| 7.94!0.825| 6.91| 2.48{0.359| 7.82| 5.17(0.662

3F1 Qmax 9.67| 7.80(0.826| 7.04| 3.14|0.445| 7.91] 5.32/0.672
over 8.30| 5.30(0.639| 6.57| 1.96(0.299| 7.15| 3.61|0.504

weak beam|14.51| 8.09]0.558| 2.69| 1.23{0.459] 6.63] 7.36(1.110
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BeBBELIZAOTH 50, BREBOEH ( L tOFEREN, 2 OFR ) DERALHNIBLE
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EPHEBaNDS, CORERE LT, EHEil 220 2808 bR Uil & 2BEROREN
Bifohd,
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Table 7-5 Normalized Plastic Strain Response for Taft

Beam Column Total
m a v m g v m g v

original 3.25| 3.05(0.938[ 5.85| 3.70{0.632 4.98| 3.70(0.743

sF1 Qmax 3.24%} 2.9010.894) 5.81| 3.95|0.680| 4.96| 3.8310.773
over 2,45 2.12(0.863] 6.50| 3.24(0.498| 5.15] 3.48|0.676

weak beam| 4.70]| 3.20]|0.680] 3.24} 1.73]0.534| 3.73} 2.42]0.650
original 3.71} 2.25{0.607] 6.28| 2.780.442; 5.42} 2.88/0.532

3F1 Qmax 3.72| 2.19(0.590| 6.32] 2.62(0.414| 5.45| 2.96(0.544
over 3.17| 1.66(0.523| 6.54} 2.49|0.380§ 5.42}f 2.75(0.507

weak beam| 5.79] 2.9210.505| 2.99) 1.3410.447| 3.92! 2.4110.363

7. FigT—6 oMok o, 30 HERBICHEINTE OBEOEM § T~ TBiEl
UTW %o KEHE) 25207 3 BRI 2 EE L IS ERITER I L RO KB AB 1
ICEPRRBIAE L LD T, OB’ YT L THIIRMET 21203, 13 h FREL%
0.5~0.TEEICLIBEDH BT LHBMEINTS D, Q) OBMOI b BBELE 1.0 L2 1
% &, (3 D EH O ORTETE I3 8 % DA, BHNEARKIZN 1 20 AL, BOHD
W7 R 240 8 B OBV, EBENITE AR 20BN R B0 T, 1) BRERIZ 08 BE LA 5,
Fro. 3D MBS 10T CHM OERASABMIBIAT 2 ¢ LhE anTns D) oT,
BRI, Q 0OFEETRBEOEDZ 4 >EETH Y. @ OFHIZI Y BECER S § >BEHTH
5LEA%.

RiT. FAERBRHE & Z OB R OBR 2F R T4 720, El Centro, May 18,
1940 ON—S &5 & U—DESCHT %2 KRG OBFHEDOERNT 2F78 olco 1212 L. BRI
BEITaft, 1952084 EMAKC, KEHBITOVTIE Vg =500gal & L. & EHSN
KB & [ — DR TR L CHV 1z,

ANEAERTRDAT L 20 ¥ — RORFHLBEORMZ, Table T—6ICRT. TOEN S RO
OIS Taf t HIRATIFGICH L THUNL., (Q OBEOTEHMOPEEEIR I D Mo 252 L
H. ¥728F1—weak beam DM ORNTLE T O M EMBERE TR DL &, BHOBELE

j:g 4 Q%@ﬁjz’)i‘?gb 5%, Table 7-6 Input Energy and Internal Work
for E1 Centro

5F1 3F1
over WQL“’ over we:zzam
Input Horizontalj 1172.8 1158.6 981.4 979.3
Energy Vertical 152.6 194.2 51.7 38.9
(£rcm) Dead Load 236.4 275.0 181.4 212.4
| Total 1561.8 1627.8 1214.5 1230.6
Internal Beam 352.4 823.8 296.4 592.3
Work | Column 786.9 356.1 743.0 473.3
tecm Total 1139.3 1179.1 1039.4 1065.6
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Fig.7-7 Normalized Internal Work Response for El Centro

Table 7~7 Normalized Internal Work Response for El Centro

Beam Column Total
m g v m g v m o v
5F1 over 3.29| 2.74|0.833| 5.56| 3.66{0.658| 4,80| 3.55|0.739
weak beam| 8.16| 6.24[0.766] 2.22] 0.99]0.445] 4.20| 4.63]1.104
3F1 over 5.14{ 1.30{0.253/10.29{ 7.03)0.684] 8.57; 6.28]0.733
weak beam|11.03| 3.00]0.272| 6.07| 4.57|0.753| 7.72]| 4.73]0.613

&C. Fig7—5 RO T—TiCRTHEMOERTAABESEE. El Centro HBANKTIZ
Taft IBAIEG L Y BEH@CENZEESH . BHOBEEESK Z0IERE. COEESEE
%o FC 5P 1—over D 4 BHMORBLEBRRHNCKE L. BESEOEM S § &M
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Table 2-3 Earthquake Excitations

Horizontal Vertical
No. [Frame [Earthquake Compo. |VHmax Compo. 1¥Vmax
1 El Centro, 500gal 403gal
2 May 18, n-s |°00 i u-D 0"
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8 300 " o
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EifFECcid. ELAORELE U TRHDRNEZ &Y. KXEH S,

c %% 942 9JIBACH 3v/IBBvW H
E, = WH + 2-i- + + — _—
2C, 24C, 40 200C, IOCP VB
(8—82)
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