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Abstract: Because of unique structure configuration and advantage of limit position, automatic reset, seismic energy con-
sumption and other advantages of sliding friction, friction pendulum system (FPS) can effectively reduce the impact of the
earthquake on the upper structure, so seismic isolation effect of FPS is obvious and it has been widely used in recent
years. For more in-depth study of isolation effect of friction pendulum system and its influencing factors, based on the ba-
sic characteristic and isolation mechanism of FPS, the special isolation calculation software 3D — BASIS — ME was adopt-
ed in this paper to analyze isolation effect of a certain isolation frame structure under different input seismic waves. Com-
pared with the test results, the feasibility and accuracy of 3D — BASIS — ME program were verified. Then the vibration
isolation effect of the friction pendulum isolation bearings system under different stiffness conditions with 3D — BASIS —
ME program were analyzed, and the appropriate stiffness value range of vibration isolation systems under the best isolation
effect were determined. The study shows that the numerical results from the 3D — BASIS — ME are in good agreement with
experiment results and the research results provides reference for practical engineering design.

Keywords: friction pendulum system (FPS); 3D — BASIS — ME; isolation effect; system stiffness

EEIRIR = R GE FPS(Friction Pendulum System, — FFHI AT ShEESOR THAE IR BE &, LI/ b B0 45
FPS) &3 [E%% 4 Victor Zayas 1 96T 20 41 80 4FAR  ASRAE I, NI 3K BB AR AR -0, R bt e 4
$RIRI— P2 B R MBSO PR B 3 BRSO ARGt TR I Bk A i T e 1\ FRARE AL
BB Sk S BUR AL L A 2 A5 0hhE,  RRARSRAE YA ] 5 PR S5 0 A Bk 31 T

%5 B #A : 2016-06-01 f&%% H #1:2016-07-24

EEUW A HEKARREGIH (51574151) ; F K 2 M SR 4 4 77 B RSB 1A S SRR B0 B (hunan — 0021 - 2015AQ) ; 1 Fg 44 F1
F 55 H (2014GK3111) 5 48 208 T H A0 H (15A163) 5 A5 B T R 457 & e 1R 351 H (2014KS24)

TEERN N T(1968—), B W r M T4, BI20% , 22N R PR M2 RIZ5 015 . E-mail : brightxiao@ 163 . com



%5 H

T2 BT 3D — BASIS — ME FEJEE 12 b6 755 2R 40 bR s U 0 B 81

A pRGme-ot agiit, Hart A T T L
TR RS PR R T, Jangid R SV X M AR AR
FH R e BE 242 B 78 R iE AT T WE5E ;5 Becker T C
El VR T — b = PR R 7 S PR AR B Bl
SR ;223 Quaglini V25112~ 16036 R 445 B 7 405 Hy
HEAT TIRAWESE, FEJRAE FPS 50 1 TR T
T .

FRE S —ANXF FPS BamEde & it TR iR 8h & ik
AR BT IT 4 R FPS B R
EAUE I T AR 1 R R, B T
R HIRERIZ MR, m B A Sh&Z 01 IRE , R
€ 2 VN B PO UK R R T 1
(BT BL, X3 T 150 )25 A S0 205 ) 1 A il 57 B8 44 422
7 S JREAE AN [ iR A 28k T B4 30 g o o =
REVEAT TIRABESY, I B4 T 2 B4 a3 1
M 1o A

ASCE Jeilit 3D - BASIS - ME #{F 8RB A
1) FPS P AR50 1) B R 5 2R, DA SRR 3K (R 7 PR a2 3 T
B ERPE , SR )58 1 3D - BASIS — ME #4423 #r
I A A HE R 245 40 11 B R IR , o 2 i G
PRI R R, DR TRMRITS%

1 FEARBEE

1.1 FPSHITIERE

EEREIRRE R G (FPS) & —Fh HAT B B e
MBS IR IR R AR 2, O RE 0 32 2 L B 0l oo & B A
e RS S il 51 1 ol A A R S v el 1 )
FPS W25 0 P A B 5 W I B 2, ZE A2 AE FH R, FPS
T3k e M 28 B 235 7 B 1) g K0 RS, DA
MRS S 2 e . F9E R, AR E T, 3
A JEE A P 7 S ) A S AT DA% i B 25 ) ) b R
TN 3 ~ 5 450

JEE A o 2 2 ) i P T IR AN 1 B e
R R TR 5 T PR A A B, P TR —
AFEWE L BRI R, Yo — A 5 E R
FAMF R R A S, R IR A — 2 Rk
HIRBEAE AT RL, 500 WA R R IR O . =T
P IR UG 1 HeE T IR il b, 2R s gy,
M2 BN I, i e iy B R I 3, (45 1
E LN C s T = NI 4 WARTS 17 = o2 e € ol w5
HWEHEENT 8 3 2R, X — B Ee B
ZhE A hBE -2 [N X Rl Bt A A o
RAF MG S I ERROIRE . [K] 2 N EEIERIRRE RS0
TR R EE

I VAR
2 RERGHHEENE

e Bl 1 _EERES I E RSy W, B 3l 2
R R, H1 - A B9 S 52 2 E R )
H:N = WeosO, S KX HE R %, =
Rsin0 WG ShEEIE TN f = /1ngn(k},),/ﬂ\:‘:fj,/1
R BE SRS A T D T S BE R R, sgn () WA
PRI :

7

1 3.6b>0

sgn(xy) = { (1)

-1 9;71) <0
ABRASE 5 Fp B P A v IR I 3 1 P 1
Berwn b L7 E Wb 7B AR L A FPS B
e SRR KR T1A -

F = Wx}gos@ + fecosl (2)

A2 0 TR HAE R YOE B8 AR X T i R 1)
XF R o Sl ) A R, 0 1) LA B B W B IE . Y
WA FEAR /NI, cosO ~ 1,05 (2) BHh -

F = %’ + uNsgn(x,) (3)
N e L L R R TP S
IR SE T, pcNsgn () 2 P8 e B 9T 1 96 30
PR
é\
Ky =g (4)
A Ky i FPS B WA AR A (3) 15
F = Kyx, + pNsgn(xy) (5)

1.2 3D - BASIS - ME 24 K B EWiE
3D - BASIS — ME 2402 & 1T EF X f = 45/ 3k



82 KA S 25 T RE2ER

%14 5

LM AT, B 25 Buffalo K2#TF R0, 1%
AR BE S W A AR b R S L RE M AR A PR R
AR R TGV R A S50 HT. 3D - BA-
SIS — ME AP #RAF 187 5, 103 i Sy B, AR A
A ERGPEHI S B B A A S 8 L B 7 S R A
KBB4 5 3DBME. DAT SC{4, 34 3DBME. DAT
SO, bR U A ST (AR A LR A BT )
WAVEX.DAT.WAVEY . DAT. WAVEZ. DAT D4}z & )%
AT A 3DBME . exe A [R]— A~ S0 o, i A
FP AT S/ BT A 2 4R

X T B RR A R, TR R R G B ) R N R —
PRI O T AT B LR R S — NI, an &l 3 R
GARRAE = A H B, /AR R B KO RISE NN ATE
OEEI A B fERERT , AR s RN

M 0 07X, Cy O 0 X,
0 M 0][5(}+ 0 Cxn Czs}{X}+
L0 0 JIY0 0 0 Culto

Ky 0 07,4, M 0 0
L O K32 K33 (9 0 O J

P MO RaRR D3 R A FROCH B B 5 J O s
SOLLIEE SR s X, X, X, 0 AR R O Ak Y
IR | H P FIOLAS 5 X, X R X ] D T T
DAL BRI BE R BEFIRLRS 0,0, 0 73 5 R %
TAGEIE oA e TN TR E e f  JEE FE £f

JF M

Bk

E__=

e
H3 REE R

AL JEHH 3D — BASIS — ME #4183k
(19 ] HH A 25 P RS 0 | 0 B R0 ol — DU 2 B HE SR, 6 v
2.2 m,JZ 0.55 m, fERE 2 il 880 ke, BEIALES 1
J2 2 R R 980 ke, BERLES 3 2 4 )2 T35
7 850 kg F1 370 kg, K 4 060 kgo J2E 55 HINI
FEH 428 kN/emo AFERERE, AR 0.07 s, H AR
oM 14.286 Hz, FHE LR 0.02, SRFH FPS BEE12M
EEE IRy A A EL Centro I F11 K HE I, % B 72
SERRE RV T HIR SN TR . A9BSR )2 B R K
BRI (A1 418 5 FER) Flas 6 2 2

[ R (CanE 6 & 7 FioR) o

5 ’
1
1
at *
! —o— 3D-BASIS-ME
%3 ‘
1 R 4R
=y
WL
0 0.5 1.0 1.5 2.0

388 i TOK A2 4
B4 %N El Centro i B N33 B AR K 5 41

5
4+ —®—3D-BASIS-ME

=3 R

221
1+
0 0.5 1.0 1.5 2.0

BN O
B 5 HNKiEREEEBRKEE

Sr .
\\
4t kS —e—3D-BASIS-ME
\
B \ - R K AR
Ik 3 F »
e H
1
2 -
, s
0 0.5 1.0

J2 18] 47 #%/mm
B 6 #HiN El Centro i Bt E 18] i # H £

=T —e—3D-BASIS-ME
2t - R0 4 R

0 0.5 1.0
J2 18] 7 #/mm

7 BINKEKE R EAI L
ME T 2R R 6 G AT LA H, 3D - BASIS -
ME 843 T3 O B 7 8 A b 5= S oy 4 1 5 3 6 4 R
FEAWIA R 3D - BASI — ME 44 0] UL Fi134
B 2 55 ) Py 1B 5 B

2 FPS PRRRCR 5 Hr
2.1 1EENET
MBGE — VU B AE AR AL AN R 8 BT, 4805 HE

//f_}ﬂﬁ}ég}imﬁ*ﬁo iz*ﬁﬂzéx—%g 155 m, %E:HE%
2.5 mo FRIRE SR FPS FEFAE IR R S, B FR



%5 H

B 25 BE T 3D — BASIS — ME BEI3 IR 52 2 55 IR A2 R 400 83

FERGE XY RGN T5 1 3 A5 1 6 I EE 73531
4 400 N/m 400 N/m 121 188 853.0 N/m.

HE
L]

HE

(b) B 20V 1
B8 MEMIESREREE

2.2 AREMEHMEAT FPS BELHME RN S
T L

KA (Y PR AT 26 A 1200 I 7 e S0 A A
fifi L b PRI AS SCHE T 3 4% S A [m] i+ 47 1
AR I (F R 2 ) 64T 70 #r , 3X 3 45k 430l
JERE L - RS A MR (N - SVE = W), El Cen-
tro £ (N = S\E = W) Fl Taft P (N - S\ E - W), X = Ff
R BRI SRR o R s 0
B DL A2 K L3R 1,

F:1 MEESHNE

25004000 30003000 3000

(a) BEAL T 1

Hb 7R Y BRI /s RpgRmbil/s IEBENE(E /g
LI 0.01 49.22 0.10
Taft 3% 0.02 54.38 0.20

El Centro 0.02 53.73 0.35

I XA TR it o = bt R, A PR R S AN
Rl O N A B HBRR S o A AR [R] W B 26 1F R 1Y
PR AR Y- 42 LA 5z e JEE 452 424 i 72 S 6 1) i 72 2

Ao B9 ST AR R R B R R AR A 1
B R R R LA

70 64.20
60
S50t
=40 b 33.00
B
I
=20 1290
El Centroi Tafty L
b 5% %

B9 FPSIRELHMREE

ME 9 BT LAF H FPS B 52 =0 HE 1 B 72 852 B
B FREXTF N R PR R AR L . X
JE L = JbmT R A Hh R U (WE(E N 0.1 g) P8
B R R AL 60% 5 Xt T Taft I (WEAEINEEE R 0.2
g )RR ERU R IE 33.0% ; El Centro 3 W4 I 3 i
}0.35 g, J& TR R 0 A AR, OF- Y R AR AR
H12.9% , EAR PR BRI 2% W AR B TR R 4
AR o
2.3 RIEXNEEEREXERZEIROZME

WFFE K B, 1% 20 R 72 S e R AR AR 1) RS 4
SR R ST JREASAN T ] B LRI B TR A o BB 5T
I 32 5% PR A4 I 7 S PR PR AR AR W R i o TS ek
TS PR A A o 7 S AR AT T R/ N3 BT L A B e 8 R
PR ARG B o 38 F 0 W EE Y5 LA 150 N/m ~ 500 N/
mo F3 TR AE A5 W B Z5 A AR A e K AL A%, LA
Aoy BT At FL A AR N B (B, THAR S SR 3k 2
No

K2 ISRESEBEESNERGTRRAB

Jp—— ANTFAIRIEE R e KA /mm
150 200 250 300 350 400 450 500
JE L 2.56 2.47 1.39 1.38 2.52 2.53 1.38 1.39
Taft ¥ 135.00 171.00 190.00 207.00 218.00 225.00 226.00 234.00
El Centro i} 826.00 725.00 689.00 941.00 994.00 872.00 838.00 847.00

T 2 TR LE AT LUE Y, 25 A0 7 = Fh it 72
YERTN 1 Je KA B B W 2 A8 Ak ks #4433l 181 10
(a) & 10(h) . 10(e) B o

10 (a) 7T LLE 7655 1L F T R &
5 W JEE R ) A8 A R Ry Sl N PR I, PR ), R
TRTEAE AL s 72K EE 43518 300 N/m il 450 N/m B, 2
FOL RS A S/ IMAL, 24 NI EE B 300 N/m 5 &5 #4037
oA R ke, 2RI TR 5 400 N/m B, Z5F4 07 8%
FHg /N, B 10(h) AT LA B, 7E Taft WiAEH T,

S S5 AV i R 7% 2R 0 W 1 i — RGO, (R
R B R AT AR, ANIEE 350 N/m R o3 e, 56
JAZN - 22 . T AE El Centro JEAE T (WA 10(c)
JIe 7 ) W EE A 722 A2 ARL T 8 Ll e VR T 2 7% Y 728
b, FUR AR AR I FE SR, 2SI BE Ry 250 N/m B HRAS:
BRI e /ME 689 mmo 2545 DL 45 AT LI)
HAFHREEE, MR RGN B R 250 N/m B, 2544
B A M Z2 T 1) e R B AR EC /D, B i R 5 P

8o



84 IR A TR AR %14 %
3.0 R
g 21 (2) EEERERGA/D P EERN T IRE
S w BRI 35 AR TR P 4.
2 1o (3) BEBEHPGAE 5 4052 FRE U B A, th F
* s | | W2 RGBS AT ) I R ARG
o 20w aw SUEEAE MR A T S 0 25T B 0 B
P 75, B, SR O 74— 2 ORI 0, A3
250 T AN R R B A A A R A A B, AR 3 AT LU
£ 200 Mk b B RN I 30 m B, KU 23T 250 N/m
J§ 150 Bif, B R e AR
& 100
5 B2 3.
0 - s s (1] BRRaR . PRI iR S i W o Je & R R L] b )i
130 oy bt ,2013,39(2) :81-82.
(b) Taftlf [2]  Amezquita — Sanchez J P. Vibration control on smart civil
1200 structures: A Review[J]. Mechanics of Advanced Materials
B 1000 and Structures, 2014,21:23-38.
: :gg (3] TR R, W I  HE 22 b 2 ) R W A 4 4 28R
& 0o SPHT LI AR TR, 2012, 10(5) :30-36.
E 500 (4] BEEVL, RSN, wh0eH, 55 . FE TR 0 e i BE 52 BE 2 4
?50 2'50 3'50 4'50 PR IR B PR R 25 A BRIR S 1 o [ 1] KR 5 5
RILE E/(N + m) TAAR,2016,14(1) :39-44.

(c) El Centrojff
B 10 FEMERERT AR L sk
SR b IR R A8 5 0 e B i SR B Tt
AR IR, T 5 25 A B KL A B /N B T X L 1Y
WIRE(EL, HEB5 RN 3 Fim .
®3 BEOIREMNMAREREE
HHEE/m 10,0 15.5  20.0 30.0 35.0 50.0

T AN
/(N'm™)

240 250 250 250 280 280

MR 3 AT LU S 45 S AR T 30.0 m I, B
FERIBE A A HBTE 250 N/m, 42544 & B 3k 30.0 m
Jei , S FE I 2 Bl 235 4 5 1 A T s
3 &4

ARG L5 SCHR 19 1R SR 50 5T e, UERH T 3D
— BASIS — ME 3 F 78 b 7= 50 58 vh i B v 5 el A7
P R o Ko — DU 2 A B2 R B0 43 31 i P g
I 75 S A i 7 R B R T I 250 A ) b 7 B8 A FH 4
Brifda, HEZESSP T .

(1) BEFRIZIRRE 2R GoX 44 i 45 40 b 5 S A5 44
FRAB AR | N 22 A4 I 5% S AR A it 1, A 5
PRI PR R AT S M A L, LA — s Y 2B T

[5] Villaverde R. Recent advances in base isolation technology
[J]. JSEE, 2011,13(3/4) :209-218.

[6] Fallahian M, Khoshnoudian F, Loghman V. Torsionally seis-
mic behavior of triple concave friction pendulum bearing[J] .
Advances in Structural Engineering, 2015, 18 (12): 2151-
2166.

[7] Moeindarbari H, Taghikhany T. Seismic optimum design of
triple friction pendulum bearing subjected to near-fault pulse-
like ground motions [ J]. Struct Multidisc Optim, 2014, 50
(4):701-716.

[8] Shaikhzadeh A A, Karamoddin A. Effectiveness of sliding
isolators with variable curvature in near-fault ground motions
[J]. Struct. Design Tall Spec. Build, 2016,25(6):278-
296.

[9] Tsai C'S, SuH C, Chiang T C. Equivalent series system to
model a multiple friction pendulum system with numerous
sliding interfaces for seismic analyses[ J]. Earthq Fng & Eng
Vib, 2014,13:85-99.

[10] Jangid R S. Optimum friction pendulum system for near-fault

motions[ J] . Engineering structures, 2005,27(3) :349-359.
[11] Becker T C, Mahin S A. Experimental and analytical study
of the bidirectional behavior of the triple friction pendulum
isolator] J ] . Farthquake Engng Struct. Dyn, 2012,41(3):
355-373.
(F#5% 109 1)



[12]

[13]

[14]

[15]

[16]

(E#% 84 1)

Quaglini V, Dubini P, Poggi C. Experimental assessment of
sliding materials for seismic isolation systems [J]. Bul
Earthquake Eng, 2012,10(2) :717-740.

Ray T, Sarlis A A, Reinhorn A M, et al. Hysteretic models
for sliding bearings with varying frictional force[J]. Earth-
quake Engng Struct. Dyn, 2013,42(15) :2341-2360.
Castaldo P, Tubaldi E. Influence of FPS bearing properties
on the seismic performance of base-isolated structures[ J].
Earthquake Engng Struct. Dyn, 2015,44(15) :2817-2836.
Cardone D, Gesualdi G, Brancato P. Restoring capability of
friction pendulum seismic isolation systems[] 1. Bull Earth-
quake Eng, 2015,13(8):1-32.

Murat Eroz, Reginald DesRoches. The influence of design

[17]

[19]

[20]

parameters on the response of bridges seismically isolated
with the Friction Pendulum System (FPS)[J]. Engineering
Structures, 2013,56(34) :585-599.

B MK E K B, % FPS R IR R iRl G156
SA FRITHEAIS FE 3 A [)] . SRE5 44~ 41, 2008, 29
(4):66-72.

WENNS, 2 B, XIOCE . PE AR IR 52 S IR 2 5 i
9 A0 SN BT FE (0] 5 bR TR, 2014, 30
(2):237-246.

W MR, R, S FPS BRI IR IR R AR R IR D)
BRI G EE ST ] RS54 ,2005,22(4) : 1-4.
e NRIEFNE R 55 53 5 el SR vt M
112: GB30011 - 20100 S]. b5t Hp AR Tl i i, 2010.



