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Fig.2  Models of self-centering frame joint with beam-end spring
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Fig.3 Equivalent self-centering joint
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Fig.4  Structural plane layout
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(b)Self-centering frame with beam-end spring
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Fig.5 Finite element model

3 TRNEXRimEERSCF&13h

4 B =2 i

R TS R vt 5 AR 4 A ) 1 MR X 4 4
B TRRE R FE R I ) B — RS O K
T I W R A e NI EE ) LA E SR Y ASAH
X BE U B X R ity 5 S Y SCF 1 f b AT T
B TTAEALL AT . ey, v ) 237 s A A 4 I iR
A EA, TUZ N S U AR LW . L]
JET SR B, AR EE E A A =L (2)
B .

k k
S=-

= (2)

(Elll/ll + Ezlz/lz)/Z

) k1 S BN EE i S EAEAT TR AR
R E L, E LA EARAUF AR #R b ), 1,
Lo~ ERERT R AR A e
31 BiRm=E

R T 5 SR W B 55 AR B X S5 A R R
(RS , 368 3 e AR G S Y SCF 2544 115 i % 5l
WIEE , 133 285 A 70 AH I I EE R 1 B RS AT A3
R ZE AT =B E RAUR R s S NI L S AR Ak
T, A 6 s «

20 r ——+—— First mode

% ;-_“_-_-___(/—n—‘__:_ Second mode

~———— Third mode

=
Tt
5 b

0.001 0.01 0.1 1 S 10 100 1000

Pl RS SCF 25 1 IR BT B BB AE 1L
Fig.6 The natural vibration frequencies vs the node stiffness of SCF
H_E AT RVE . (1) Bl 3 58 SCF 4574 45
B 70 1 PR A b B — 3 AR AR T
SRS LB, RSB 5 (2) 15 A X I
JE PO AZ 0.1 B, 19 s ARLBEHE 5 19 sUREDRE I BE [ R
T 100 B, 2544 [ P MR LA R A AR, 1 S
NIz 5 (3) A PR B T 05 5% s W AR A A A — A
BIURR X, 7555 U EE B S 7E 0.1~100 Z [H] 22 4k
T, 4513 2 A i B e K
32 FHHRE
IURE X W LG S R 0.1 BE4T 43 #r , I ERE Y 45 3T




55 5 3] B5E A5 R s A 3 52 AR RBHEZR Y A NI B IR(E AT 25

LB , T v 3L 3 T8 SCF 45 14 AT — B ik 2L 141 141 7
s AR B E] b n] AR 3], 2 s 51 B SCF 254
R iz g, B A RS A R A A
XA, o — O IR B AR SEAE IV UE T e B, 45 )=
PR SR A, B I 1 R AL

\ww-"‘\
I | || |
|| ( | [
\I“\‘I |“‘ |““II | |
| | | |

A I
| S i o
] Il M [ ]
| .“"‘ |“‘\' | |

(a) 55— PR AL

(a)First order mode shape

/ i i1
/ J /

f‘ﬂ I j /1
i u L
L/ Lf [

(b) 55— B
(b)Second order mode shape

Il |

/
/
W,
|

{
{ .

i \ \
LV \
I\

M 0 0 i
()26 = FirfiR
(¢)Third order mode shape

i
Y
\

Pl 7 S sARAEL SCF iy = iyl
Fig.7  First three modes of beam-end spring SCF
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Table I ~ Summary of earthquake record sources
Number ~ Magnitude Name Seismic station
1 6.6 San Fernando LA-Hollywood Stor
2 6.5 Friuli, Italy Tolmezzo
3 6.5 Imperial Valley El Centro Array #11
4 6.5 Superstition Hills  EI Centro Imp. Co.
5 6.9 Loma Prieta Gilroy Array #3
6 7.0 Cape Mendocino  Rio Dell Overpass
7 6.9 Kobe, Japan Nishi-Akashi
8 7.1 Hector Mine Hector
9 7.1 Duzce, Turkey Bolu
10 7.5 Kocaeli, Turkey Arcelik
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Fig.8 Acceleration response spectrum of selected seismic waves
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Fig.10  Influence of the relative joint stiffness ratio on the base
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Table 2 The division of the horizontal damping coefficient

Seismic precaution- Horizontal seismic reduction coefficient 8

ary intensity B<0.27 0.40>8>0.27  0.532520.40
7(0.10 ) 6(0.05 g) 6(0.05 g) 7(0.10 )
7(0.15 g) 6(0.05 g) 7(0.10 ) 7(0.10 g)
8(0.20 g) 7(0.10 ) 7(0.10 ) 7(0.15 g)
8(030 g) 7(0.10 ) 7(0.15 ) 8(0.20 g)
9(0.40 g) 7(0.15 g) 8(0.20 g) 8(0.30 g)
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SELECTION OF JOINT STIFFNESS FOR AN ENERGY -
DISSIPATING SELF-CENTERING FRAME JOINT WITH BEAM-
END SPRING *

Lu Liang"” Wang Lei' Hu Yufei’
(1.Department of Disaster Mitigation for Structures , Tongji University , Shanghai 200092, China )
(2.Shanghai Municipal Engineering Design Institute (Group) Co. ,Ltd. Shanghai 200092, China)

Abstract  Self-centering frame joint with beam-end spring is a new type of self-centering frame joint. The configuration
of this self-centering frame joint is introduced, the finite element model of the self-centering frame is established and the
influence of weakening the joint stiffness on dynamic characteristics of structure is analyzed. Then, ten ground motions
which were selected based on earthquake platform are input into self-centering frame model to simulate the dynamic
time-history responses of the structures with different joint stiffness ratios. Finally, the inter-story drift amplification coef-
ficient and the base earthquake-reduction coefficient were obtained from the time-history dynamic analysis to research
reasonable range of joint stiffness ratio. The analytical results show that the base earthquake-reduction coefficient is 0.40

to 0.27 and the reasonable range of the joint relative stiffness ratio is 0.4 to 1.0.

Key words self-centering frame, joint spring, joint stiffness, time-history analysis, finite element model
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