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RESEARCH ON A SIMPLIFIED MODEL AND ENERGY DISSIPATION
MECHANISM OF FRAME-CORE TUBE STRUCTURE WITH
ENERGY-DISSIPATION STORY

ZHOU Yun, LIN Shao-ming

(School of Civil Engineering, Guangzhou University, Guangzhou 510006, China)

Abstract: A simplified model was developed to estimate the seismic response of frame-core tube structures
with EDS(energy-dissipation story). In the simplified model, EDS was considered as stiffness spring and damping
spring. In order to derive the vibration equation, Heaviside function was constructed by means of modal function
and according to the assumed mode shape method and the principle of virtual work. The vibration equation of a
frame-core tube structure with EDS was built in MATLAB program, and the mathematical structural model was
verified through a comparison with the finite element result in ETABS program. The results show that the
proposed simplified model of frame-core tube structure with EDS is valid and feasible. Then the energy
dissipation mechanism of frame-core tube structure with EDS could be revealed by explicit expression of
vibration equation. Structural damping ratio changing with EDS position could be determined by the complex
modal analysis method. Finally, the optimization design for both the complex modal damping ratio and the
damping coefficient of viscous damper could be used in the preliminary design of frame-core tube structure with
EDS.

Key words: frame-core tube structure; energy-dissipation story; simplified model; energy dissipation

mechanism; complex modal damping ratio

Wk E 1 2014-07-01; &% H #1: 2015-03-03

BETH: [RYE BRFHEEESRIBA H (8351009101000001); [N Tlime “2Ehh4E " HREAF K H (10A026S): | M E R4 01H %A H
AT B (FE#RH[2009]11 *5)

WIEE: B =(1965—), B, =FHIEA, B2, WL, S5, FENELSEN TRYUE S EEE 5T (E-mail: zhydxs@163.com).

fEE T MREIA(1984—), 55, T AL, LA, AFEE5H 8RS8t 78 (E-mail: linshaoming007@163.com).



T ®

VAl 2 137

“CHFERRIUR S R R AR R IR
H I — Rl 2 s 2 R R RR S R R, BRI
o J2 (VRS T B AR i M 2 o 1 N 1 S 93 FH FE
A, TERGERGEZ, i FERe S E PRI )E
TORFEBI R M AR IRE R, DRSS
ZNHIRSE, AT S S R4 E s i e 42,
SCHR [3] 5% Hr 0 ik 2 45 A4 R I3 5= J2 405 1) ) b 7S
MREAT T RFEE AT, UEBH T R RE 2 1 R AR
RS SCHR[ADW LU 9T T e B AR Ze 1 2 i FH 2 2%
B R 5 BELJE 48 FE RE Dk IR 2 55 N P 1] T SN 2
TR 5 XARAE F IR R, it — DR E 1 #ERE
TR E X T8 5 2 S5 i B X5 PR 1A s Fn ]
171 SCHR[BII I 1 2 AL B . AR FH e
IRSHON EFR AR s A, HRA W T —F
SEFW . SCHR[2 — 5] 34K 38 F A R T 8
XoT 5 FE RE ok R J2 150 J2 45 A R R 4 ) 28R kAT
7T, HARGETEE NS ERE S, TE
BETE N 3 e LB AR TF Sk FE i B S 5 ) EE
G158 Mok EEA, RS Y
S SPGB, BAHIEARME 55LRG
AR ZER, (R EIES MR EE R R,
RS 2R, M THER— R, @it A R
BRI, ARSCRE T FERR IR JEHE SR -1Z 0 (] 45
IR AL AL, KA MATLAB & 5 % il 1% A A
BRI R TIERET, 5 ETABS BAF# LA
PR T AR Y 34T M ELIGAIE , B 9075 FE BE I )2 AE 2 -
A% 0 168 465 W) 1A 1 P e 87 R 9 R ML 2L
1 BEEEE
1.1 HEEE

%30 #E Hoenderkamp 8 7VS 5Lmt |, $2d14y
FERRIHURE S HE ZE A% o 1) 5 40 B fl A AR, T ARG
EwE 1 s, SRR AR e R

© FARGEH N R

@) HZ0 18 BY J 85 FN A1 FELHE 22 43 i A AH 0%
PR RE T AL E QR R, ZRE B 5 BT U]
AT s
@ MEQAFERAE, AT EHESAE I T &
@ HZEMERD B DI, 2B E
B %0 1 BY 77455 55 HE B B A TR T 45 4 v S
J7 RIS s

© FRI I A BEAS B JE v R H RayleighFH g ;

i

el

@ ZhiiBHLIE s 2 N ERIEE B s, BARLE
PAELE SR v

Eply,GaAg,
Cde

b 2c b

at Eul,

(b) A T
SRR

Fig.1 Calculation diagram

12 BERMERE

T LU ERGE, R R IR 2 TR
JRALE N T U I 5 SR AN LS 338
FEBEATEN IR BT, THERR I 1 (0) T s
b, FUERIZH0EE K, 7T LLSR @4 B pe i e,
ML B 5 5% K W 2 2 45t SR AL R PLE -

P TR 1 25 i A B DI AT AR £ I E A7
SERUR PRI E, SR, R R
RN M,, HOCER[7—8] R A, EHE M, EAMELE
PR R AR, TR

M aHca
O =— (1)

ECIC
A aH REZE TR, o AR
BN EESH, 0<a<l; TENZH
a=11b, HhHEZ K 5 B 0t A B R
I=b+c, b NHEIKEE c B IIHE R —F
HESAE IS MR Ny Ed, = 2E, A7, Hob E A0
HEZRAE (17 I




138 T %

¥

M= 2 B 125 AN B Y1 AT 7 AL e £ 9 -

G =6 +6s (2
BHM R 25 AR = A A
M,b
%o =000, @)

A bNIREEKE: Bl &on iR 2 12 il
Wl
BHM SRR V1A A R N
&= M,k 4)
* 2haGyA,
s k FoREEREIEBT VIR TE R %8 h 3R
WEER s Gy A Rz = BT UIRIE .
BY IR AE DR JE AL R R -

0,=0,+6,)a )
Fh 2R (1)~ (4) T 7SR £ 5 (B £ 0
#9:
%/@=[ b,k J/M“ ®)
12aE,l, 2haG,A, | El,

H1 2 (5)~ 3 (6) WI #5-% Lo fe FE I J 2 AL 6 i S A
TR R RN

6.=0,a/ |1+ ? + 2k al
U 120%E,1,  2ha’GyA, )/ El |

] 0
6,=0,a/|1+ 2 b, k

U EL/ (120°E,1, 2haGA, ) |

(8)

Rl VS TR I8 RE 2 A0 I 25 P i W B 3 R
iﬂleﬁ'ﬂ:

M
K :0_‘/’= 1 9)

¢ aH b k
+ +
El. 124°E,l, 2ha’G,A,
TEBE IR 5 e REAZ L f87 BY 5 338 160 000 1 £ 52 i J32
w(x, t) N

wix, =p()q(t) (10)
eI, BYIEEA 6,, (X, 1) -
ew(x,t)=w=(p’(x)q(t> (11)

SR S RIE A e N E, AR R ]
H, X TAERATRERI R ALEL Sw(x, t) , A
SW, +6W, =0 (12)

Horr,  SW, A1 oW, 73 AR S Jy A 0 B i)

.
R(12)FTRIER T HEU T
2
Mpz_Jngm);'t)dx_
0 OX

(MW+MJ5aML0

(13)
Aot MOBBOLFIAE R M, IR
5 L 35 1 25 P 72 L 45

Horb, B8 S TR R TN

2
[ o
X

[ Bl 0" 00300 590K~
E, 1, a05a(0)] o' (] dx (14)
Aot By 1, B0 B89 TG 2 d R
T 01

ow
M| =K o)A ()50 15)
BRI JE S 1 1024
-¢m5awai)#ﬁ=—4aé% (16)

e Ry NEGRERA S IBHIE J15 duy Jaik
R BE S AT I REAL RS, IR = BH e % 1 A L
TR HXURAT I ,  BE BHJE &8 32 T A4 n
K2 Fs

K2 SR B IR E 23 2 TE 70 i
Fig.2 Deformation decomposition of damper in brace form
L P 9302 2 FR) AR TV 4 DR il 7 2 W A e 2 AR T
O, Mg |24 M 58IV 6, , 3R = NI RS s A2
o HHEZRAE % £ 6, 7 AR BB SR HIATE & H
R 2 S 5 B U AR S iy 6, 7 AR . 1] 2
FIRH, SRR AR HOURAT BH B 48 52 1 R AR FR
e, JURIZRAENIRFE BT AZ s kb v e s ik
R A MR BT AR 5 A M AR g e, BB,
we'e' =u,, PSRN, EZEH h,, A:
Uy =U,cos S =hsing, cos S ~
hé, cos g =hub,, cos g 7



T ®

VAl 2 139

X p=af |1+ aH Zb + 2k 3
El./ \12a°E,l, 2ha®GyA

B N JE SRR RETT F ST e A1 s h O9iEGE
JRER: RS a=1.0.
SR, AN SR AIBHE /1 Ry e

WD hucos pptm)a® (19

b, o MR 2 FLE 2% 2 FE Je AR 4.

AR R BB 2R TR R T -
*W(x, t)
oxot

e turcos ) |-

~4c,(hucos £)°¢'(x)a(M) @' (x)5at) (19
H (1975, PUFERHIE #EE R B K, -

a4 =Cy

—4F,0A(X,,t) = —4c,

5[8W(x, t)
oX

or, (N22€05 ).

K, = 4c, (hucos B)° (20)
LI 3 AR D B R 2
Ho0%w(x,t
éWi=—.[0 PA 6'[(2 )5W(x,t)dx=
-pA pX)d®) o) S (t)dx=
—pAIMSID], 0’00k (2D

A p NEBITHRERE: AL ETT
Wi .
H0(12)~2 QL) T A1, Mg T S AR
Jent, HIR#NITIRMRIEXN:
PA[ 0 (k) + K[ ()Td(0) +

{E, L[ T 0Pk + K, [0 ()P a()=0 (22)
y
M =ij0 @ (X)dx (23)
Cy=K [0 ()T (24)
K=E, L[ (0" 00)2ax+ K [p )P (25)
ok B A BUR R NER, BN S5
BHJE =BT AR N
C, =2JKM ¢ (26)
Ao, & FE LIRS
A3 5(22) - (26) T A2 i 1 P
SEEIIpIYEE
ME(+(C,+C,)qM+Kam=0  (27)

13 ZBEHERE
¥ 2 B A i 1R 00 1] 2. 4% Wi 2 wi(x, t)

5
w(x, 1)=>" @ (X)q; (t) (28)
i=1
Rf: g () NEIAREASL SRR @ (X) N
B 1R 200 B 3

0 2 R R SO R, TR 30

B, TR R, SR AR R

7 2o B AL N0 N B3 R A0 R S

AT L, B AR R 0, (X) 559
YRR L R

Py (X)» aH <x<H (29a)
WS T WAL
¢y(X), 0sx<aH (29b)

Hr, a NEEREELKHANEE, 0<a<l.
*ETE@?%%{L—F (Di(l) (0) = O}FD ¢i'(|) (0) = 0 ’ ,[an

IR = T R IR T R OB -

M Q

¢i(')(x):_k2EV:IW “TISE 1 Do (30)
Reft, M. Q NFAHISH.
Hrpr,

A, =0.5(cosh kx + coskx) ;
B, = 0.5(sinh kx +sinkx) ;

C,, =0.5(coshkx —cos kx) ;
D,, =0.5(sinh kx —sinkx) .

FEVRGR R AL, FAE—RATIM, TUENIE R
MK, TG JZ R A i -
Ck(x—aH) -
k’E, I,

kEW IWCkX + K(p BkaH Ck(x—aH)
- K*E212 M
KE, 1, D + K,Ciani C
k*E2IZ

TR 12 522 ol (H) =0 Fll @, (H) =0,

T3
[kSEw L An + kZK(kaaH Ac-ayn IMg +
[K*E,, 1B + kK, Cran Ay 1Q =0, (32)
[k*Ey 1, Dys + kSK(kaaH Dy t-ay IMo +

[kng Lo Aw + kZK(kaaH Dy ayu1Q =0 (33)

By () =@y (X) + K9y (aH)

0~

k(x—aH) Qo (31)




140 T %

¥

LMy Oy HRFATHIET 0, FIRTTIEN:
[kSEw[WAkH + szgoBkaHAk(l—a)H] :
[kszIw Ay + sz(kaaHDk(l—a)H] -
[k4EwIkaH + kSquBkaHDk(l—a)H] :
[K*Eyl By + kK ,Cropr Aoy 1 =0 (34)
RER—MRT k BT, H(34)KE k

Ja B AN (32) A 445
3 KE\ 1By + K,Cranr Ay
kZEWIWAkH + kK, Byt Av-ay i
X (BB)MAR(B0). X (31), HFEEIRFEA
HIRMRIER, nIVE 2% Q, » G nl 15 6E = 4544
HIR 2 R AL o(x) -
KE\ 1By + K,Cronr Ava-aym _
szWIWAkH + kK, By Ap-ay
ZC’“ - 3Dkx , 0<x<aH
KE,l, KE,I,
kE\ 1By + K ,Cronr Ay -y _
kZEWIWAkH + kK, By Apa-ay
[kEWIWCkx + K(kaaHCk(x—aH)] -
KE\ 1Dy + K ,Croty Cr(vmarr
k bl
aH <x<H (36b)
R ER RN Z B HESWAR R, T
S AL I ol TR S M P R R 5 R T

M,= jo” P AP, (x)p, (x)dx (37)

K= By o) ol + K050 (%) (38)
A i=1,23,0: j=1,2,3,-1 6
@SB ARSI N E, . KM
Rayleigh [, M #%a,. a, 7~:

O (39)

O:

Piw (x)=

(36a)

¢i(u) (X) =

2 “r T e
{“O}z 11 {} (39)
“) or-of| = o |l

J i

[l AR R SRV EVE P
CS!’/ - CM(/ + CK@/ (40)

fﬁ‘:'j: CM@/‘ =a0Ml.j H CK(/ =alKij °
S5 K PR B I BEL e R Ry«
Cd!, = C(oi,(xl)¢j,' () (41)

W) 235 44 () s BEL S HL B«
C; = Cs,j + Cd,/ =agM; + a,K; + Ko/ (%)) (),

i=123,m, j=123m  (42)
H037)~N@2) 54t 2 H i R R E H
wERy:
Mg (6)+(C+Cy)q ()+Kq (t)=0 (43)
14 ZEHEZENEBERER THRBIRE)
B R EN IR LN a, (6) » WIMEREIER T
gERTE I T E I RS TN
- joH pAa, () Sw(x,f)dx= - pA jOH a, (1)9,()3q(e)dx =
~pAa,()5q()[, p()dx. i=1.23,n (44)
E
H
L =pA jo p(0)dx  i=123n  (45)

5 Ja B (37)~(45) T I A8 B 452 H
LT 7 i RE U A FH N B s 4R 3N J FE N

MG (6)+(Ci+Cy)g (1)+Kq (6)=—La,(f) ~ (46)
Hei, M. K. C,v Cy- LAHta(37)~R(38)-
K40~ (41). K@5)F R,
1.5 BIRTHERIE

DA — B 75 FE A A A2 J2 HE 2 - 10 FR1 P T 45 4
Rl W@ TR, SEHREAE BT

O Z5¥ & NH=253.2m, 5% H21=39 m;
@ A% U BY 755 %5 B N2c=15 m, 2% 1 T AR A
A=75m?, B FERp=2700 kg/m®, #RIHALIE) BH
N k=24, VLR B ONE,=36GPa, HPEME A
1,=140.625 m*; @ JHEJZHE KE Nb=12m, &
FENh=42m; ER L. N SZF R A
E,=206 GPa, 1% ~1,=1.004 m®, BT E N
G4=79.23 GPa, BYUITHIFINA44=0.1138 m*; @ HE4E
T M R B A E.=36 GPa, MM N1=2281 m;
® ZFirPHJE R IBHJE R0 ¥eg=100 MN » m/s, &
EfRECR0=1; © FIMPTRRJE L hE=6=0.05,

KH ETABS #AFa A PR, il 3 fr
ANy FRARETBY 78R A SR BTG, AR R FHHESE
TG, FBHJE 24 % FH Damper G MR IT.
SLAZAE R TR A AR T SR HE T AR Bh s TR, R
MATLAB 27X 4R35 #2 X (1)~ (46) i 1T 4 F2,
NIGAIE fR A AR R R ) 77 RE A IE A, ot Bl A A
RYLE 1940E1 Centro HufE R AE T BB F2 s B2 45
H v, 1940E1 Centro b Z % hn i B 0& 5 N
max(ELL)=341.7, KK d=0.02 s, 5} N 2,=2001.
ETABS fil MATLAB Jiif345 ST LE L3R 1, FrfqTi
EAiRE . TUZINigRE . FEy /1. B 8% i fnAs



T ®

VAl 2 141

T OISR SNz i 4oxf tean 18] 4 Frros. iR 1A%,

SERIRT IR . USRS TR INESE . BER

9157 FHE At I AAR T A5 & TiH S A5 RN iR 22 1Y
T WIS ITRBAZE R

Table 1 Comparison of two analytical models

FE T%UAN . AIEL 4 FTULE Y, PR T A 12
SN2 R UT

TR ST E ETABS MATLAB PR E (%) RCASE 304 ETABS MATLAB PRE (%)
T 6.1661 6.3276 2.55 + 1213 1233 1.62
! H T 1N Q
s T, 1.1967 1.1558 -354 -Q -782.4 -768.0 -1.88
’ T 0.4145 0.4081 -157 +F 907.3 948.8 437
: BELJE 35t A3/kN ¢
Ts 0.2248 0.2107 —6.69 —Fq -842.5 -797.7 -5.62
+D 0.1907 0.1991 4.22 +u 6.275 6.162 -1.83
ks /m BLJE 28 /mm ¢
-D -0.2742 -0.2599 -5.50 —Ug -4.501 -4.781 5.86
+A 1.209 1.1718 -3.17 — — — — —
3% IN/m?
-A —0.9931 -1.0365 419 — — — — —
W fWZ=(MATLAB-ETABS)/MATLAB*100%.
, 1600
U N, MATLAB
1200 — ETABS

O
LLIYAE]

T

L i e

— et

K3 ARRICHE R

Fig.3 Finite element model of structure

0.30

i D/m

Iz

U

MATLAB
ETABS

10 20
I 81/s

(a) =M

30

40

14

e
=3

B EEA/(N » m?)
o
o

1
o
o

MATLAB
ETABS

—1.40

10 20
It Ifl/s

(b) i xS Lk

30

40

0 10 20 30 40
i} /s

(c) FJEBI A

--- MATLAB

BHJ& &%t J1Fy/kN

s % =3 0 3 6
[HJEZr ug/mm
(d) BHJE#: 1 58T R 2k

Kl 4 g5kash 71 RN EE R E

Fig.4 Comparison of the structural dynamic responses
2 WENIE

21 FECRERMRENE

o T RE RIS AR R — I O 5, K3
JRE AR

M@ (t)+(C,+C,)q (t)+Kq(t)=—La, (t)  (46)

H L (0) R (38). AN (42) AT AN, HHAEAEIRE 2

A 20— 0 57 8 KA 244 78 R % J2 Ak G o — A

L RE R — UL LR B, Db, IR B

FHOLAQ), FHJB R RHUL(20). MR (20)H



142 T T

¥

B INBELIE (9 SORE, T &% (hcos Gu)® MUK
RUONL,  ZE R AR P JE 15 2B 22 O TROK

Z5 EPTIR, AR AE R IR SE A LR O R A
RIREALEE Y. FERZ O 5 AMIE AT [A] v 5 B AR RE
P 2 A AMESLAE (A 4 AR, AR
Y HIPUBTE 04,  CASE i o (& IR 3 LA 5
(7 I ) FH 9 J 2= P BELJE 45 B BEL SR TBORBEORE, -+ BAJsi )
%O BIBN 7 UL, AT B e R 2R -4 0 R 5 A R 47T
EERE.
22 FEERREHMERYE

A1 Z0(42) AT A1, IR J2 4 G R SR B B FELJE
R 55 5 R IR T pR BRI SR AR U BUELAR G, A%
&7 % A [ AT R AL N 181 5 B I8 5 AT, X T
AFIYRAL, 80 J2 A0 B HE IR R I A 5
RIS (B F UL, S5 44 BESRAT ORI I I B
JEFERE; IR R AT BALRE AR T o B
Ul 2 X2 1 4 2 ) B o L FE R O A SR ) S
MNITTHIES T = = B eV -

1.2

09

— L
0'90.0 0.2

T
0.8 1.0

04 0.6
FiX i a
K5 Lo e iR
Fig.5 Mode without damping of tube

3 RERNDH

3.1 ERESE

R R ARG P AERS R R A E T, R
A1 B D 2 5 R Bl = 2 HE S -4 0 ] 5 4 1
RBNARL IR R, HFLEAN A2 L2561
N T R TR Z b AR A S BH AR 1), T
ARG Z B, B RS L, SKig
SRR E L, ISR BN RE S

B
ERVASI TE'S-PAF
z=|" @7)
u
WA R@ET) S S A:

0 M -M 0
Z=| _ (48)
‘M C, +C, ‘ 0 K‘ ~La, (1)
ic w= O M 49
e “IM C,+C, (49)
=M (50)
10 K
P P A5 SURFAEAR 7] R
KV =-iM'Vd (51)

Ao, B AR A R, RV 512 A
BRI, i=~—1. BRI, SRR T
B 1 523 SRR -

20 (51) R, TS 3454 (20 S 58 ot &
FEAEAE A, D, -+, O, Ooe, Oneg, o, Oono A AEE R
RINEH%E, WTRFN:

Reb: & NSV EBES B oy NEBS

i i=v-1.
HISCHR[9— 101 M %0, B AR2e L fHJE i 4k stk
G b ) R e IR R T e 4 L B SRR JE bE KT 1
BHIETEOL, &k UL B R DL, %R Bt
PHJE PR EY,  H 3 (51) 153 2 B Z M IR 28 1) R Ak
A 2> HH RO O SEHORE o AR BB IR 52 L B Rk
RIS -
s, =—a, + f3, (53)
§,=—a, - P, (54)
Xt: a, =& 0,5 B, =0, =0,E -1. K, o, .
&, NEERITE R e AR AR S B JE LE o
IR, BIRIE o, MAHMKIBEE L & 7T
— X SARFEE s, 1S, SRAF, HP:
o’ =s,-$, (55)
20 =—(s, +8,) (56)
32 EESMHEE
HRHE3.1°1 B AT ASBH JE LA B IR0 2 1 5K il 77
% WETUIEGR 2 W 2 N TH AR AT R A AT LI
H PRI A RS S JE LU AR AL R . eI, D3R
JZHIBE 2 %5 HIBH JE A HA9ce=100 MN = m/s, HAth
ZHFLEY, g4 HaT P IR L 1 e RN B RS
BH 2 bt 5 87 T2 AT B i L AR A 5% R Ui IEI6 T
Horpr &0 MR R AT B AL S M IR Bl a=0 , 25k
PRIIFIBESELE . HrE6mT i, B B4R AL Jo 2 4 H
JE LURE IR JZ A XS e B AL 28 R RR, S5



T ®

VAl 2 143

RQO)VFEIS 15, ol J= A B AL 3 A IR T K3t
77, HEENEHSE R, iRz 1m B8
FMIRROVZ T, HOC RN E RS LAt
BN EEIE AT LAE IR = Al ELAE L5
FRURERAZI , BHJE LERE R R & . X T Sbe
TARERZ BRI S — IR JE L, 2= /= A B
FEa=0. 3 e L LA, BESRIGRCRIFHLE EL .

;
----- 19
& 6F— -2k
Th — 3 -
= st SN
= !
jf_é 4 /
i / ~
| S S /
H e s
Ryl 77« 7N/ ;
k\ SN2
j]=tad —= s N
0.0 0.2 0.4 0.6 0.8 1.0
AN a
K6 arPlpRB e AR e b
BEEAMEME N R R

Fig.6 Curve of four modes dimensionless damping ratio
versus EDS position

X R 2 AT L E 5 A8 H S 0 T R A L
LRSS MRIBN IR R ZE A A% . LR 8T 77 Bt RH e
RE AW IAT 38T S50 I B SIR 30
K, BASFHJB . S PR BN R TH AL RS R
BY 77 ()W T B 7 18T 7~ o AT 7 () #1118 (a) T LA
G, MHESHHEIIER, FERSTIBIR,

35 12
----- 16 -

1.0H—2m K
w0 =am |,
2 oell—a
08 ,
306 ’
& 041 7
A a

L 027

%2 4 6 8§ 10 12 00 5d 6 8 10 12

FHLJE 23 Cy/(100 MN + m/s)

(b) FMrRZIRHJE L

FHLJE 2 %Cy/(100 MN * m/s)
(a) I

350 1200
a
IOOO\/———/
< 800F
S -
:3, 600k — - —. — . _. =T
=) '\ -
BN T — &
g odoop o e 14
M e — 20
2000 e — 3
4B
PR R T S R ¥ K 4 8 12 16

BiLJZ Z0C/(100 MN * mJs) L& Z%LC/(100 MN + m/s)

(c) TEhiH% (d) FIEET
Bl7  a=0.5m 57 (¥ [E G S AR AL R JE L 5
BHJE 2 EH K &
Fig.7 Relations among natural frequency, modal damping
ratio and damping coefficient in case of a=0.5

R Ry B R 2 228 1) L A I AR R Y ek, X b
1T/ ERRELJE S8 (015 BT P2 A B “ I i
e W )R 7(0) R EI8(b) T LA Y, HH B R
A PR, ORI RE B e 2 R A it B JE B0
%, HEMHSHE K TLCAE ok T, H
[ 5 AT PELJE LA Ak 2 AN T 22 )) . AN EI7 () FTEIS(c)
ALEL, ST B ST AR S, 5 — R
TR o 24500 () R EEBTRR . MR (d) A I8 (d) FT 0, %
TR 7, B =B IR R TR o A R S
40%~60%, il 1 45 [ KB ) B2 fE m P 4R 2

I=A
fajA e
35 1.0
----- 16
30k — 2
ol | -3 08
r — 4
N \ RS)
jas)
3 20t m 06
5 =
=157 } 2 o4
*a - 1
o0 LTt &
57./" & 02F

I L P
FHJE 2 %1Cy/(100 MN * m/s)

(b) #HPriRMEHLE t
1200y

1000,\/

2 4 6 8 10 1
[ Je % %(Cy/(100 MN * m/s)

(a) MRS

g _ 800f ST

3 S T -

3 R e —_

2 = 600y, e

1500 5 i

= 100 Saof e i

) ol — 2t
! 20 — 3B

___________________ A

2 2 4 6 8 10
BHJ& R ELCy/(100 MN = m/s) [H )& = ELCy/(100 MN = m/s)

(c) TRE{LH (d) HEE
K8 a=1.0M AR [ A R AR AL JE LL 5
HENEER (PN

Fig.8 Relations among natural frequency, modal damping
ratio and damping coefficient in case of a=1.0

4 ZEig

B H T AR BE AR S HE 2R - A% o 5 405 40 11 ] AL AR
R, S AR A R R N IR B T
R, IR AT BRIT T 34T 798k, PP a5 R .

(1) FEREIR JZ HIBCR A 2 AR R = AL B AL
TN T — A PUEWI R SR AN G BB 0 3, BEA A
TR AR DT NI SRR NS5 F BBHJE , AT
S e 2RO R S5 H I DU VERE

(2) & H T A ASE TR i 8 AT AU RSADL AT AR RE IRk =
JENEZR-RZ L TR A5 M 1R 32 T RNAS T RE, 545
R

(3) ZETBCEIRALE I A S RE s PRoE i
ok e J2 A A5 B AR 2L 0 A A B A B R R



144 T 2

71

ny,
5

MR

(4) F&T BRI B ARZSBRJE L 2
BHJE & (I Ak BE JE 22 BT LR Z R 454 4020
RS %,

EEP S

[11 Mz, XS5k, RAGE. &SRR A R
SESPN]. TAEPUE SmE S, 2007, 29(6): 1—9.
Zhou Yun, Deng Xuesong, Wu Congxiao. The concept
and realization of the new systems of tall building with
dissipated devices [J]. Earthquake Resistant Engineering
and Retrofitting, 2007, 29(6): 1—9. (in Chinese)

[21 TR, Az, BIHka. HEZR-O M AR R EGE E 1

IRGRBCR 2 HT]. TAEDUR 5N g, 2007, 29(3):
35—40.
Ding Kun, Zhou Yun, Deng Xuesong. Seismic analysis
on frame-core wall structure with energy-dissipation
story [J]. Earthquake Resistant Engineering and
Retrofitting, 2007, 29(3): 35—40. (in Chinese)

[81 TR, Az, XTka. i hnem MU AR L IR Z 1

8 15 2 5 K 3 R S BT G 2T [3]. AR SRR S5
2009, 31(1): 35—43.
Ding Kun, Zhou Yun, Deng Xuesong. Seismic response
analysis of super high-rise structure with strengthened
story and viscous seismic energy dissipation story [J].
Earthquake Resistant Engineering and Retrofitting, 2009,
31(1): 35—43. (in Chinese)

[4] ERVE, Az, EHEG. FEREIIREZE N &2 8
PRIRIEHIE FE[J]. I35, 2011, 30(2): 85—92
Wang Dayang, Zhou Yun, Wang Shaohe. Vibration
reduction for a super-high structure with energy
dissipation story [J]. Journal of Vibration and Shock,
2011, 30(2): 85—92. (in Chinese)

[6] MU, Az, XEka. i 7R 2 R S p i

WA T[], LA TR 24K, 2013, 46(10): 71—81.
Lin Shaoming, Zhou Yun, Deng Xuesong. Optimization
analysis for high-rise structure with viscous energy-
dissipation story [J]. China Civil Engineering Journal,
2013, 46(10): 71—81. (in Chinese)

[6] Hoenderkamp J C D, Snijder H H. Preliminary analysis

[7]

(8]

9]

[10]

[11]

[12]

[13]

of high-rise braced frames with facade riggers [J]. Journal
of Structural Engineering, 2003, 129(5): 640—647.
Hoenderkamp J C D, Bakker M C M. Analysis of
high-rise braced frames with outriggers [J]. The
Structural Design of Tall and Special Buildings, 2003(12):
335—350.

WA, Hz, XER, 5. o2 HER- 0 6 45
4] v B R T 22 NI B B 5 BRI [D]. R3S et
2013, 32(15): 63—70.

Lin Shaoming, Zhou Yun, Deng Xuesong, et al. Rational
stiffness of single outrigger trusses in frame-core
structure [J]. Journal of Vibration and Shock, 2013,
32(15): 63—70. (in Chinese)

A, SRE, sy, TREEMFHHES R
RUHh FR e B e 4 5 A [I]. AR TR, 2005
38(1): 31—39.

Zhou Xiyuan, Ma Donghui, Yu Ruifang. Damping in
structures and complete quadratic combination (CCQC)
of complex mode seismic responses [J]. China Civil
Engineering Journal, 2005, 38(1): 31—39. (in Chinese)
JATT, ATy, AEECHI B Bt i JR T RV SR
W CCQC 4[], TAE/I%%, 2006, 23(2): 10—17.
Zhou Xiyuan, Yu Ruifang. CCQC method for seismic
response of non-classically damped linear system based
on code response spectra [J]. Engineering Mechanics,
2006, 23(2): 10—17. (in Chinese)

Chen Y, McFarland D M, Wang Z, et al. Analysis of tall
buildings with damped outriggers [J]. Journal of
Structural Engineering, 2010, 136(11): 1435—1443.
Bk, BRI, FLPHE, & RS IR A X AR R
R JE & AR BOR M FE w2 0], TRE %, 2012,
29(9): 237—244.

Liang Dong, Chen Shunwei, Kong Dandan, et al. Effects
of coupling vibration between girder and cable on
performance of nonlinear cable dampers for cable-stayed
bridges [J]. Engineering Mechanics, 2012, 29(9): 237—
244, (in Chinese)

Chen Zhengging, Wang Zhihao. A novel passive energy
dissipation system for frame core tube structure [C].
Taibei: The Seventh Asia-Pacific Conference on Wind
Engineering, 2009: 8—12.



