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Vibration Reduction Analysis of
Multi - story Frame with Friction Energy Dissipation

XU Yu ~ ye, WANG Quan — feng, LUO Yi, XU Hong - zhou
(Department of Civil Engineering, Huaqiao University, Quanzhou, Fujian 362011, P.R.China)

Abstract: Based on an elastic — linearly strain — hardening restoring force model for the inter — story of rein-
forced concrete structure, a vibration reduction analysis of multi — story frame with friction energy dissipation is
given in this paper. (1) Aiming at the placement, the influence of brace stiffness and yielding displacement
under earthquake waves on the vibration reduction and its rule are analyzed through computing. (2) Based on
the vibration of brace stiffness and yielding displacement, an analysis on variation of seismic response of the
frame with friction energy dissipation is given. From the analysis results, the influence of the variation of the
brace stiffness and yielding displacement on the seismic reaction of the structure can be ascertained.
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1 FEERFEREERM R ER

SCRR (114 BT U5 A0 BRI RBIE R W BT N S R R MU B Au, A1 BRI K, , Xt
SHERERSIRAEENRERE, XR(1ELAOFEEREITOER EBIXHSRORE
BEXER:

B = Auy/A,, <273, = Ky/K; = [2,5],28 = [1.25,1.5] (1)
FERE ST AE KO 1) b AR BE
BE S HEAE 3 B A0S M LR

K— R B R IREEAR 3R S5 R E 0 ) R BE

Au,, — B BRIEFEAB 3R S BE RALE

(EEATUR B (GB50011 - 2001) 1A X B S MK E FHER -

B <2/3,A8=0.8 (2)

R[3)E X ESHRATE, HRERE P KAPN=RERNER RS BMER
AR EHLTT R, RN RSB E R B AR Mk (11508 M58, TR A
RS RIERE R ARMETELY, — kiR, TESHIYRIER/N, TR %
B35 R BEAR K ; SCRR[ 3 10 #ERE 2 IR R 25 A 1T B ST , 18 tH 4530 - RE AL S 1% 40 34 K BE RS ShA #8538 H 3
AEHE,HENSERTBE 5% , WiE s {8 KAEEnT k%,

HFLEAXMBRASHPLEAESTER E SNk, i RIEREEIR T RELIERSH
MERERFIEREXRTEERAT, MNEHELSEARBUERS SRR AHEIHTERES
BEAEN. E—REMNERL, L 6 ZEESHIH, ST RIEERERSHHERER,

2 EERFEEIERMITEAR

EXEMRGHES P, BRESHR AR RN IE, S0 ERERAKERAR
BHER B R IRARL TRERS, REEMF NN ESR R ERBHED, NALER
B BURERARBERBNE —RIE RS 0.05,

2.1 HRRESEREHNEH AR

LUEEMPHEEERREEERH , SHNEHTEY:

Mt + Ct + Kx = P(t) - HF(t) (3)
X9 :M,C,KHRRSEHORRESE HEMRIEELRE, P(ORNBEE, H BERMAMNRER,
Hp® i 3R H=[0,-,0,-1,1,0,,0] h( -1 F1 1 DBIES k,_ M k; 7T)RTE i T8
WEHERRBAESWNE K 2, ERES kL BME_ BRI RL; F()R | SEH Hmk, P
BB i TR F(OBRRS | BEEXIENKREN, ER—IELZHER, F()HEREIIMT:
P - {— ky x xg(2) %) 54(t) | < ugy, BBEMRFERB TR AL THE R BT BL, @)

T L - sgn(xg) Fo; B0 xg(e) | > ug, FPRERFERETTHAL THREBE,

APk, BB BRR KRR IRRIE; 0, (0) 056 | BRRIRFEAE A E RN uy b
i EREERERNERLB; Fo, 058 BREEBEROERN, Fo, = ki X ugio
2.2 NRREEHRSHENT - ERXRERER

BE R FERR IR A ) - TIEX RN Columb BEHERY  FERB ST MG R TRV S, MMM

RS RRN N - BERAARMA 1,
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B 1 EEEREERR AHRELSRATTN S - ERXR

3 EEEFAERRSMTENRA THREER o H

AR A Wilson - 6 ST HRB(1)#HTRE. EXHBDIHK Ar=0.001 s, BRFELHASH
KEE, BT S S5 RBNRE, XX R#ATHEIE, SUBAMEIE, RAHKFIMEEHEIR, IEFHEE
b 0.05. BHREERESHYHITNRIEEN ITEER R FEFHEREEERE,

3.2 BREHRBEHLE

XGRS T SRR EKE R HT SN E, BRI R BHERUE R LR R

BRI RN, A 2 FFR.
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A2 ZRRKENENNENLE
BHELBEETRFNSE, RAETETRRNT ARGEEKE NG, UBRE RS , B2
B ER AR R AE YRR S R AL R B T, SR ER 44 ST 7 o R AE S 48 AR Y A e R R, D0 JBUJRE AR e
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4 ZEEBEERRENIEEREEATHRRSH

ATHWHHE, ZXLL 6 RIEREHIRE, BRESEBEBASHEERANE, 51
FRENZERBIE AR, RBUBLHER. REBTHREITAES FHAHBEELERSHEE
At AR T=0.0750 R H AERE, i RESRNSHE—RENEAM S M, 3
RHREHAREYRERASEN, TARSHEENERER, THRSHRIE S B ONFER
.6 ERIEHSMER ERSEHNSHNE 1,6 ERIEHENERL T ARSHNOSHmE 2; A
B YRS WRIEE, & 2R AR U 2 A R RNGEH, S ERIEERRLL 2 R BRINS
W, XL RE c MEHRSH. cBENE—REMNEAN T %3,

AR K BRXAFER BRI g na ¥ 220 cm/s?(7 AR ) 400 em/s*(8 BEAR) 620 e/
s*(9 BE KM ) A El Centro 3 3% (BI L, #5815 s) (N4EA. IRIFE L A = K,/K; B 0.2.0.5,
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0.8.1.1.5.2.2.5.3.3.5.4.4.5.5.6.7.8.9.10 3t 17 #F 5. BB 8 = Auy/Au, B 1/6.1/4
1/3.1/2.2/3.5/6 T 1E M. 6 ERIFEHSIHELELEMTE El Centro I BF (LM ER TR R LAE
A BMRER B RLAE 3,

®1 cRMEHSMERTRLEMNSE

B2 1 2 3 4 5 6

JEE (m) 3.6 3.6 3.6 3.6 3.6 3.6
AR kg) 1 1 1 1 1 1
W5 BE (kN/mm) 1 200 1 200 1 200 1 200 1 200 1200
Ji IR 43 #2 (mm) 12 12 12 12 12 12

R2 RNEFENERTRGEHNOSE

BES 1 2 3 4 5 6

JE2E (m) 3.6 3.6 3.6 3.6 3.6 3.6
RO kg) 1 1 1 1 1 1
i BE (kN/mm) 1365 1265 1165 1 065 965 865
J BB A #5 (mm) 12 12 12 12 12 12

%3 cBRE&EMNEAM

W g BE —A M
Rl BE395) 1.06 0.75 0.53
W BE #i 7 1.06 0.75 0.53

RIEE 3 RS ELT AR TSR ALUEE TSR

1) ERERXHRTHAZLE S EHN B AR BABHRERANME,

2) R B8R MG B K 2 (M B IR N Xt e T A 1 52 B D 22 51 72 A9 45 #h S 1 28 4 LU R BE e Y
MEHE KX,

3) SRIFEXH S ARIERGHMLL, RIEFREL FTELSHWHR KR BB RN E/D, HE
BRAUBRMAZERAKR  ANRECHTHK,

4) EHAEBRYUNFERIESHEBRREN, RBRAMEREBE RN IES Y. BEALENE
ST, AN ST RUE LB R E B AR E RN ER, IHSHNBH SERHORIE &
BZNEE TR R B R, B TREEERSEORBES H TR - R EELERE, B
FERIFESHRTBAARMNE, RN RASWHT W, Bt A TRUERRE L
E-J: 0

5) AXHRLERELHE ZHRBAETHEOERM EHTH. MR, 7L ERERR AL
BRAHBBERZEMBEAEE R BRI NTHADEFHEIFHA,

5 REEXESHIREXERFEEERAENRERTHRER N

HTHR LS TENER 2B ERNREIESH SR NERIRNFR, &
BRI ME, HiL, X 2 ES B E S RO RN BT o7, B A RR AT X R85
WA ERANTH, TEHU-TRIH, HRESTOHE,

6 WESITEG

XK 4 PR, B REH R IEME R 400 cm/s’(8 FERR) A El Centro BRI IL 11 5y BAEA o
ZHERNBRAMNBRYLE S5, RPRBEERMCBRERZBMLBAN 1/50 BE.
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x4 cBIERZSHANSH

BEs 1 2 3 4 5 6
& (m) 5 3.6 3.6 3.6 3.6 3.6
(10 kg) 1 1 1 1 1 1
R % (kN/mm) 320 480 480 480 480 480
& JR A4 B8 (1om) 12 12 12 12 12 12

£S5 6 FIERE E Ceno HMEERATEENBAUBEN

»BES 1 2 3 4 S 6
J2 18] B K AL B8 (om) 123.4 11.0 11.7 13.4 11.5 7.2
390 4k 2 (9 47 B R 4B (o) 100 2 72 i3 72 72

MNESHUEH, XMELNEEAEHENEFTABBERAT 1/50 BRMBRERR, #l
RABEBFLEIEHITMNE, BRAEEH B REE, XHRE 320 KN/mm, EBUB 7.2
mm, BEHRAESEHESR SZHEE K 400 con/s*(\ E KB ) A El Centro R L IM/EA T & BRI B KALE K
NRFE 6, Fh B REB M BREKZEEMBAN 1/80 BE,

%6 ¢ BEBEMRIEREE CnoitMEEATEENRAUBEE

BES 1 2 3 4 S 6
)2 6] 3 KA1 B (mm) 57.4 39.9 30.4 2.8 12.4 8.4
S0 ¥E )2 ) 67 B R AH (mm) 62.5 45 45 45 45 45

MECAEN, REEEERE IS EREBEREIRENRWEFARRIEMNT 1/80
BRI BAREANER, BEIXHENERE +15%.+10% . + SN ME, BBUBEE +15% .
+10% . +5% ML, TEEHREEENMNBABZRMBRA, B R EEREEERLSEHMET
e, mE 7 iR

%7 EMREMEREBEEERESEREEIERENORX RS (8 KA (um)

KR E 0.85 k; 0.9k, 0.95k, 1.0k, 1.05k, 1.10k, 1.15k,
0.854u,, 81.9 79.2 76.1 72.8 .2 64.8 60.4
0.904u,, 79.3 75.9 72.4 68.2 63.6 58.9 54.1
£ 0.954u, 76.2 72.6 67.7 62.8 57.8 52.8 41.7
g 1.00Au,, 73.0 67.8 62.7 57.4 52.2 46.8 50.5 =
% 1.054u, 68.6 63.1 57.6 52.1 47.4" 51.2* 54.9*
1.10Au,, 64.1 58.3 52.5 47.5" 51.5" 55.4" 59.6"
1.15Au,, 59.5 53.4 47.2 51.3* 55.5" 59.8" 62.7"

EHPH s BRBRABANBREEES B HKREEH .

MR 7 AT LU BB, R BRI A0S JIm 25 X R R FE RBAE 22 M 0 R A R U 2 3 R R ARE AR
XHBPHERREMAARERR . R IR ERER B E LSRR KR RS RN
W i 2 B R R R s, R B RAS F 2, AT B USR8 R R
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