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Nonlinear optimization of pendulum tuned mass damper
based on slowly varying parameter method
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Mitigation and Structural Safety, Ministry of Education, Guangzhou University, Guangzhou 510006, China)

Abstract: The pendulum tuned mass damper ( PTMD) shows nonlinearity under large amplitude re-
sponse, and the vibration control performance of PTMD was overestimated by equivalent linearization
of rotation angle in previous studies. In this paper, the motion equation of nonlinear model is derived
by the Lagrange equation and the Krylov-Bogoliubov slow-variation parameter method was adopted to
derive the frequency response function of the nonlinear model considering the high order nonlinearity
of the pendulum angle. The structural responses of nonlinear model and equivalent linear model under
different excitation amplitudes are then compared. The parameters of the PTMD nonlinear model are
optimized based on H, criteria, and the optimal design parameters of PTMD under different excitation
amplitudes were obtained. Further, the time-history analysis method was adopted to verify the optimal
design parameters of a super high-rise structure model. The results show that the larger the excitation

amplitude is, the greater the influence of nonlinearity on the structural response is, and the equivalent
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linear model is gradually distorted. Under a large excitation amplitude, compared with the results of

linear model optimization, the damping rate of PTMD can be increased by 10% after parameter opti-

mization considering nonlinearity. Considering nonlinear optimization design can effectively improve

the vibration control performance of PTMD.

Key words: structural vibration control; PTMD; nonlinear effect; slowly varying parameter method ;

H, optimization

SPFREMAVE T X 52 55 ) 23 25 45 17 ok
T KA BN 7 e 07, L 28 45 25 0 2l R A Al b e 1 46
Y. BT, A RTHREWR I7 20, A4 g sh i il o7
A E B 07 2 FE gl 7 2% F W shiR
SR K B e &% (Tuned Mass Damp-
er, TMD ) J&— & W 8 Dl 4 L B A8 5 P AR h
N IZ AR R S8, S i BHUE 2% 1B
A, Hrp 3R 7 8 o 5 BHLJE 4% ( Pendulum
Tuned Mass Damper, PTMD) J2& TMD 1) — 455k T2
2, BT A 42 4 7 LS AR 155 A, AR T AL
PUSTEAN LB E T M BT i ™ AR 42 5, AT
Xf A5 A 0 1) AR AR L AR R sl 3=
5RO SE AR R R 24 3 6 PTMD
JEIF T 5T, Sun S5 R T 4 R
WRERH e A%, S —Fh B @ NS EIE R . A
TEAE T — ol 750 43 X 3R 5 A L
Wang 25 5 74326 20 38 ik L 2% ( Pendu-
lum Pounding Tuned Mass Damper, PPTMD) , Jf: %
BRAT T itk Christie 25" 4R 7 —Fl] 25 4k
PRm i AR B B e f% L REAI A 45 223
7L TP R TR W BELJE s SR 1 I3 e (1 I B2
Qiu 25 WFFE T b i R RS R B B A $R T
— IR TMD S5 S8 BER I 5. Xiang %1
P TR B 2 AR AR e A%

PTMD F#7E B AR LR , VR 2 0F 50 R 5k
T/NE A BT 5 TR HSE R AL, Gerges
ST TG AE R BILJE Y B 1 HE S5 -PTMD
TRZR A eR KR, DA SE 45 1 6075 38 O 25 Ak
Hbrxi PTMD #4728tk it PTMD )45 i
BN, AT LK PIMD-Z5 R R R B AR MR, {52
PTMD F42 ffy i — 5 BRAELI , PTMD £ £ JE £k i
AR SN ULAS R 220, 3 b A 2 P 2 38 4t A 1 2K
W, BN AE G B Bl e N I R A R
WG PTMD-45 4 (& & i AR etk , S8t Ak
(RBERIE i T PTMD (F U8R PE A . Roffel 45 ff
98T 2 B B AR L e 1R 2R o i BH e

WA =8 3h 3 IR, Zhang” X AE LR 4R
ARG T —FSHON » 1RSI E I b A
HL . Sharif-Bakhtiar %[10] 1 Brzeski %[11] K&
PP A Floquet BE 0 AT 1T HA BHLE 198 L
PRAIR AL T R G2 R G b Y AR 3 i
L, I Xof 5 E R R AR A E AT T BB AL, Xu
AR Viet SRS T RIS 0T T PTMD A
LRMEXT A B B AR G AR A T B S e, O A
PP AN ) sl i (T 2% 18 PTMD 42/ A4k
RS SAMEAL R G ds B 09 45 Rk AT T4 4y
Mo Colherinhas 26" 1 Garcia 45" %2 X 418
i PR a7 TR BRI .

AT PTMD B3], 2 i 2tk IR 3R i Rk 1Y
SO B, EARR PR i TR
PETRAAAE , 3305800 1 R KRR MEAS B i Ay 263k 2
PR L T BRI T TMD IR v £k
PEXF TMD P gl 42 il P G i 2wy , Al i1 i 56 2% J&lE
ZRMEIRIZR A T 5l B A5 A -PTMD (R R AL,
[l 5% ] Krylov-Bogoliubov 18748 2401, #E 5 11
WU TSl A B ASF-PTMD HEZe M R GE Y
ALY RS, I SO 8 X 3 i R RS A 7 B0, 4
5 SR MRS T E AN [+) 0Dl W (T 18 A3 i i
FXF s B, 0 A T H, JH, dED R P Y
Y PTMD 47 Z 8006 T, 158 3 1 A W] U
R BT R S, IF 5 SRR PR T 1Ak
ZRATR LG s i J5 L 23 R T 3 MR A S H00 e
GBI v A R SRR R T 18 I AR e

1 28w E % H-PTMD K R 832 3)
vk

SO ) PTMD 353 7R (45 R M 42
BT EE YRR C . N T TN, R R
LRI , (0 TR ESH 1 0 R, B ) 5% it b
T RN F1 , ST — 0 5 AR e, —
SRR A [ 4, 0 LGB ) 45 4-PTMD 7E



5 3 1]

R ARG - 2R R R o B B 23 T8 R S ROk AR AT 5T 55

\

THEF NI Bl ASCBGE 45T D R i R
B, BRI E 1 P o

BIL A BEZEF-PTMD R R A7
Fig.1  Single-DOF model of a primary structure coupled with

a PTMD

PAABFTAESRAL 5 F B R4 M 1 s T R Ao
BN S AN 1 PR B A AR R BT, m
ky ey o3 AR SRR W EE KB JE R, m,
ky e, 735278 PTMD Jit &t B i M 2 A EH Je &
B0 B R AN 2 SR I L, Bk, =0, L R
PIMD FA R, PTMD Jite B 2l i1 4 1 (42
) 6 R o xy O EATHIAIN TR K (x
i) HIOLAS ,0, D PTMD JCREHRAR X T 4544 7K
RS 2, Jg PTMD JFrig AR AR AR 2 Bl EAYARAR

SEUNER AR R s 37 Bt S DL
PTMD BHJETCIFY 32 AT, SR A% B9 H J7 e 4
S H S5 -PTMD (R Rzl

A oL _ ol = O,

dt 9g, - oy (1)

oW = z Q69,0
iz

TV 4R BI85 86 [ 15 45 Hg-PTVMD 1 2 1) 3)
HETIAE, Fm AT T S, )™ SUARHT g, 5351
N %, 06

T=—m,(x +xg)2 +m, (%, +, +4,)° +—myz =

2 2 2

Lm](aél +9ég)2 +Lm2(9él +x, +LOcosh)’ +

2 2
L L20'2 ) _L . s\ 2
S sin 0_2(m1+m2)(xl+xg) +
mzLe-cosﬁ(aé] +x,) +%m2L20-2, (2)
Vzéklx? —m,glcosh, (3)
L=T-V, (4)
SW = —c,%,8%, —c,10cos>650., (5)

P (2) ~ ) MRAKX (L), #3205 7 iy B2

4549-PTMD K R is 3l 5 R
(m, +m,)%, —m,L0"sinf + m,LOcosO +
kox, +cx, = = (m, +m2)5ég,
m,x, Leos@ + mszé + m,glsing +

25 2 -
¢,L70cos™0 = —m,x, Leosh,

2 B ghEEM-PTMD (K % 5 8 4
2V T B A ) K

FE B0 F H B2 25 F-PTMD {4 R (1) £ P 55 7Y
o, B TR RAETE, Jo il i 3y FE A 3
i pREC AT . CAT DF IR A SR AR
Xiz gl Jy T AT 1R Ak, 4T 0 e oR AR, v A T
PTMD B4R HITERE . TER BRI T, AEL M XF
LER I RE AN ] 220, DR, X482 R o0 T i 47 28
HRTT, 78 55 VI T, ) 18 A S st
SR AT R S AL AT i

,qu’fl 6,0, T’Po ﬁ%ﬂ%ﬁﬁﬁittﬁﬁKtb
FE5 RS L \PTMD BHJE L sl b TG i 49
IF ] A S TG 5 49 0l e A, & oA EE g fn B2, B
9.8 m/s°,

B AL RE TS BUR N x, = Pysimwor, I X Ji
TN TR N, S 80E Lk 1,

x1 HEHBEESHE-PTMD FR2HASHENX

Table 1 ~ Parameter definition of single-freedom structure-PT-

MD system
u=m,/m, PTMD Jfi iz [t
f=w,/w, UE
w, = g/l PTMD #i 845 %
& =¢/(2myw,) FELEE L
& =¢,/ (2myw,) PTMD [HJE Hb
o =w/w, PR
T=wt TR 2 [
y=x,/L 0 M 7 T L
P, =Pf /g JC ek A4l et L

St i A LT A

(1 +p)y —uf’sing +ubeosd +y +2&,y =
- (1 +u)Pysino 7,

ycosf + ) +/ sinf + 2§2f0.00520 = X

— P,cosfsino 7,

AR 2R RT3, 22 Ry U I - sin ~ 6 —



56 JUINREE S CH AR AR

52 %

6°/6,cos0=1 -0 /2 , BEfiH
y:A(r)sin(aT-gD](T)),} (8)
0=B(z)sin(ot —p,(1)),
Horr,A(e) \B(7) @, (7) #l @, (7) ¥ L, 73 5K
F ES AL AL FRAS A N I (A PTMD 4 MRS
M) 7 1L\ = 45 #0213 A 432 S PTMD [y 482
FARRASIA N AR o T8 AR S HOL AT R R
i A(r) B(1) @, (1) @, (7) A& KT I [] JE 22
(), TSR AE— RS N 2218 2 Ay, A —
AT R A
7E X P =0T =@, =07 _QDzJI%/E\:{Jﬁ/\ﬁ‘
TR AT A G M B o 25 4 R A R AR A i) iz
) A 5 AR 2H Sy
32(1 +p)o°A - (B +4B> -=32)uo’ Beos(@, — @, ) -
324 =32(1 +u) Pycose, ,
(32 4B =B o’ Bsin( @, — ¢, ) +64&,04 =
-32(1 +p) Pysing, ,
(8 =3B*) o’ Acos(¢p, —¢,) +8B(a” —f) +/'B’ =
(8 —3Bz)Pocosg02 ,
( =32 +4B%) o’ Asin( @, — ¢, ) +64&,foB -
16&,fo B’ +3¢&,foB’ = (4B -32) P,sing,

(9)

H A B @, @, PIN— A IRSE N B ME

H1 T AR L 2R G0 0 A9 20 R R i A

fift , 2R S R A0 PR Hy (oo ) T E RS PR ) O
{H X, S5O X, k™

X
H(w) =5 (@), (10)

AF Matlab Xt AN [RIS3 45T B A3 7 e 2
HEFTSR M, FEA5H L% R Fa 250 1 R AEL R A, 45
IR DTSR S )

() AL MOBE
0 g

Xt (6) VEAL 1 sinf=0, cos@~1, Z i =5 IR i
6° | MEAS AR SR PR 31 B g
(1 +u) 0" A +uo”Beos(@, =@, ) =A = (1 +u) Pycose,

p,a'zBsin(gp2 @) +2¢&,0A = — (1 +u) Pysing, ,
o’ Acos(@, —¢,) +B(o” —f) =P,cosp,,
—a'zAsin(<p2 —@,) +2&,foB = - Pysing, ,
(12)
T B T SRR IS S R AU 7
PR IERRIE , ZE[FRE ORI R 25 1F T R HL T 45 2]

{14 A e R85 R RSV A 1) %) 43 i) R B3GR A 7
XJHG, BUETE A Newmark-B i 5K fif iz 8l Jr 4.,
BB 2 AR AN PR I 1) 722 A P 57 84 o) 1 8 155
Al (L2 VO A Sy A0 R 5, Al A8 B B Rl 8 T
N ls, LB I £, =0.02, PTMD ) Jit & [t
w=0.01, &% g P, =0.035 m/s*, PTMD
AR L 55 BELJE HE SR Gerges 45177 L H,, i
HEFHHLEALE AT PTMD Sefiiitt £, FpHE Lt
£ BB AR LL T R AR

2

5 [
= , , = D EEE—— 13
f"m I +u Eo 4 +2u —2,4,4,2 (13)

X TN LS, BRI A O AR pR R
SN (EAR LR P 25 A A bR A 25 R )P K
FAIEE AT O, BBU(EL 15 3K A i o 5T B ) 254K 4
SIEL dt =0.02 5.0.01 s.0.005 s.0. 002 s.0.001 s fl
0.000 5 s, XJ SR FHERAEL 245 3] Aty A5 ] o 4505 01 FH 12
A DHE A B A AR pRERR 25 y AT AT
Hw(o’) -H, (o)
ve HIT( 0')
Hrp H\ (o) Hyy (o) 53 51378 i 8l 2 B e
T3 () A ] pRER
DA AR 2 5500k 5 1 BRSS9 ) oR 55Oh BR
X B 2R FHAS (RIS TR 25 A5 381 14 45 i) R 2502
FTiRZES T, WL 2,

2i5

(14)

— M - B
= = =35 R - el

=)

500 i 3 (w)

0.5
08 08 09 09 1 105 11 115 12
W I /vy
(a) 45 LRI BLH ()

—dt=0.02
—dt=0.01
——dt=0.005
== =dt=0.002
———dt=0.001
dt=0.000 5

(0.985,-34.08%)

08 o5 09 095 1 Les LI Lis 12
ft AT
(b) JRm R IR H
B2 B L5 B HE S A AU o R0 EE

Fig.2  Comparison of frequency response function between

numerical method and theoretical derivation



53 3]

R ARG - 2R R R o B B 23 T8 R S ROk AR AT 5T

57

P 2 S I R] 25 4K s B R A O 245
SRS, BETE S RUE LRI AE R IR ZEHBUN
HIFEIZER dt=0.000 5 s, P57 k45 21 5 i
BRI 228 0. 76% , A UL Al Jy 2k gk 45 14 43
i e UL FEAR i, B0k 1R K-B 182 S0k
T AR LA TR pR B AT

3 PTMD 3% M & #l2

R MTAESRTE R T, PTMD $2 M AR 1 52
Mg KA, X6 3 A L0 T PTMD R PR 55 2 A5
RATEARFER R (T A48 A8 A7 0 3z 43 B, L0 4
F2 PR, TR S e E Py 4331 EL 0. 01 m/s” |
0.03 m/s>.0.08 m/s* FI10. 13 m/s*,

R2 AEIRTEAEHELZE-PTMD RIS
Table 2 Parameters of PTMD-single degree of freedom struc-

tural system under different working conditions

ZH TA 1 T2 T3
L p 0.01 0.05 0.10
FEMMEr E 0.02 0.02 0.02
FEE R T,/ 6 6 6
PTMD £:%{ Gerges Gerges Gerges
miesE s sk
RN 0.01 0.01 0.01
Py/(m-s?) 0.03 0.03 0.03
0.08 0.08 0.08
0.13 0.13 0.13

TEA MRS T, T8 1.2.3 4 591 5% 4%
LR AT 0 A £ M AR Y R A7 A5 NS B 4 A, 4
A 4T pEESC IR O AN ] 3 AR o

0.25 60 70
- - - . 0" — 7001 BT — g
(1.01,0.239) — LR < (1.01,58.72%) 1 _ Ul —— ek R
02 s 3 a0 it —P=0.03
i % & ——P=008 S
& (0.95,0.13) 002 o ’ #®
§ 0.15 fg 1| - - =P=013 g
g P03 [ g x
= 01 % (pEcSECRECoNRTE - e e gﬁ
" 2 ' g
H g 5% 4 5
0.05 i) 'd o~ (0.945,23.33%)
0 -40
0.6 0.8 1 12 14 0.6 0.8 1 12 14 0.6 0.8 1 12 14
W Ll w, S I/ w I i
0.08 s 20
o ——P=0.01 P=0.13 R R
< o o — b
= 3 7% = :
% 005 R T AN O T -
= ;,ﬁ \ - = =PF=0.13 E
= Al -
g 0.04 g 0 - " E 10
= g (0.855,-0.49% )
® R R — s
0.0 2 \ &S
ﬁ -2%
0 s 0
0.6 0.8 1 13 1.4 0.6 1 12 o 0.6 0.8 1 1.3 1.4
W B/ WK Eew/wy WS /W,
s 10
, — SR
. ——P=0.01 =
g PU*O " . P=0.13 IR
= % —— B0 .
b & |7 aosossy Poots g
= !ﬁ -==-P=0.13 ® ¢
& Ex Mo g
8 & 9 =
& = )’ ﬁ 4
ﬁ E (0.855,20.49%) g
. - A" AN
" -2%
H
5 0
0.6 0.8 1 1.2 1.4 0.6 0.8 1 12 1.4 0.6 0.8 1 152 1.4
b AT BRI/, I o/,
() 45 L R H0 0 5 5 (b) FLEHBIfI IR (c) PTMD{%

B3 3 00 AE AN RSl R A i 324

Fig.3 Response comparison of three cases under different excitation amplitudes

HI &L 3 W], 7RSO IR (EL Py <O. 03 I, IRl AW IR R AL MR AN 3 K, A8 R A 1Y

PRI BB 0 87 5 22 /0N, 1 P AT LA 228 s Al £k
YRR . BEAE SR (E Py (193 K, PTMD (1942

AR Z (] iR 22 R 3K o0 1 B
VR R A 18, I e P A TR 1) 32 45 ) 82 3% A3



58 JUINREE S CH AR AR

922 %

PR — AR T30 — g (E KR E 3%
B ARZR AR [y o O S8 R T AR T, 2R A Y
Fifdi 7 PTMD (IR PERE . S3UAI IR P, =0. 13
m/s I, SRR AR 5 £k AT L BRI bR A
] AR 22K 3 T 58. 72% w1 Frfig
SR AR ZETE 5% LI AT LA JEE
LMK IR

BEE o LAY R, A5 AL RS I (/N
WL Xk 7 ) 990 3R LU 72 ¥, PTMID 422 1 W 7 06 {EL Dk
JAN TR ASE TR P A1 0 oA SR 2 R MR IR AG , T L
p=0. 1 EBIIRME Py =0. 13 m/s* T, PR A
PO R R i KR ZE R 0. 5% , FWIHE R i e ml
DI ZAR w PTMD f 4R 3l % 6 11 B8, [7] if PTMD
AR 2. TOL2 5003 MM T
PN BR R e KR 22 73 0 O 3. 04% 0. 5% , G I
AT SEAR LA R R . G, XF T/
LR PTMD-4549 (R 20 5% PTMD 2 /1 4R ek
IVAEi0} -2 Il R AT 238

4 PTMD % # H, # 1k

W5 88 D R (L 14 84 O, PTMID 432 £ AR 46 1 18
5, 7EREAT PTMD B3I 5 2855 [B 42 A AR 2, A
B 00 1 AT 2 BT, SR AU EAY Rk
PTMD JREAEARUEL T H, HENXF PTMD (iit2
BoAr . A FREIEET PTMD #) It S48
W 3 Pis.

=3 TR ARHMEETHALSE
Table 3~ Optimization parameters under different excitation

amplitudes in working condition 1

i WO P, AR EARRLE

A% .
/(m-+s™") Som Eon

Gerges fift.  0.010 0 0.987 6 0.049 8
0.030 0 0.987 6 0.049 8
0.078 6 0.987 6 0.049 8
0.130 0 0.987 6 0.049 8

H, 11k 0.010 0 0.982 4 0.049 8
0.030 0 0.986 4 0.050 2
0.078 6 1.000 0 0.059 6
0.130 0 1.000 0 0.101 4

23 W1, Gerges ifb >R PTMD S5 30 28 1 452
B OREZ RS, 52T H, #ENX] PTMD
e et M R S 8Os A0 (13) . %k

WL SA I H, LA H AR ek — 2K
H, PEAE BAR AR WA 4 i

BwEw S BE

RS ERh
FERBTESER
R B NE SR,
I
TR S EE ETEE

0% Eopt S 600 05 S S

iﬁﬂ%?ﬁ}l}n{maﬁc[tf(mw))l}
RE] fo o

EEHATE R

K4 H, ffenife ikl
Fig.4 H, Optimization process method diagram
T 3R H, LS8 Gerges 12
SAEAS IR MR B B REXT EE , ARIEL S B

0.25
= = =Gergestiib
(Lor02392f” 1t Lt

5 0 '
o 1y
E 0.15
T
=
g 0.1
2
ey
H 005

06 07 08 09 1 11 L2 L3 14
R I L iy

(@) FRPALZHCF LS E IRE

30 i —P=0.01
. (0.95,36.63%) I —P=0.03
s [ a\l —P=0.08
?ﬁ :' P 0013
S T hosm s pmesiaks oEs sEaER Sse =5
£ =
N e AT
5
I
= '
:S =20 (1.02,-41.14%) ! i
-40 !
-50
06 07 08 09 1 11 12 13 14
B I Howiw,
() H, 55 Gerges AR AT LL
BS LA 1 AEASRIRh e (8T PR LAk J 125 (A5 R
XL

Fig.5 Comparison of frequency response functions of two op-
timization methods under different excitation ampli-

tudes in working condition 1



5 3 1]

R ARG - 2R R R o B B 23 T8 R S ROk AR AT 5T 59

I E R IS Fon] LA R S5
(LA R, PIRR LA T 3 T 18 45 F) 32 7 Wi 7 ) 2
BBRAER . 75 45 H LR SR 1& v, Py = 0. 13
m/s” 1, H, (ARSI LE Gerges fRALIB/N T
41. 14% o (EAFHETE B, 76/ R DR (EL T, P Fof
DUATT I 19 (5 3% 30 00 o B0 2 Sl e B ok Dt PR O
Gerges (AL B ELSHIBLIE N O, Befi %5 A A
B IPIRRIERE A2/ PTMD #5002 Bl e, T
H, (AL I8 T 4544 A B (9 BHLJE , 76 /)N il 1
L ARRPER R AR, P, 15 R A RS
Gerges IR LS KU/ 9 T B UEIX — &L, 1E/ MU
WEEAERTR K w=0.02,¢, =0 R H, fRAbTrik
Xf PTMD 284514k, JF 45 Gerges fLALHEATX]
o T 6 W] 7E/ NS IRAEL T, ¥ A% 22544
BLER, AR LML AR /N, Hy L5 Gerges i
PE B R R 22N T 5% o

0.0251
- - =Gergesti{k
% P,=0.03 HAEAL
=
s
E 0.015
=
=
g 0.01f P=0.01
=
by
H 0.005
0 . . . )
0.6 0.8 ) 1.2 1.4
BRI S/,
(a) 25 A4 AL RS9I R %
15
- - - P=0.01
10 —— P,=0.03
B e S BRoER SISt BROER S BReER |
S
=
&
o
#
%
-10

-15
0.6 0.7 0.8 0.9 1 1.4 1.2 13 14

bk H:wfwl.
(D) 245 4 L B I F2 ] B
K6 /NI T Gerges flifb5 H, HLAk 25K 550 &
B He
Fig. 6  Difference of frequency response function of main
structure between Gerges optimization and H, optimi-

zation under small excitation amplitude

5 HKEHEH

NEAEAR PR T PTMD LAk i+ 50
AR USG5 SRRV O TR ], AT i 7
PiE T S5 A0 R T 394.8 m, B JEZEH 5 —
HriR B 1 T PTMD S8 Ak S gk OR 0 b7 46
SR — RS R 198 176.3 ¢, 55— B A 4k A 3
H'5.66 s, ZERIBHIE LN 1. 5% , 52 B2 Fay s [a] FR il
PTMD fJ5iHe Lo 2% o S5H4 BT e 3t X PR 1 By 24
B9 8(0.2 g) o ASCIERIFRINIER T, 2T H,
55 H, MENXHZ08 = 2 450 % JE AR L1k P R i 45
A Z g PTMD #E47 T 280001, B it 4l R
55 Gerges fliAb 73 1 1 3 il 5 EL Centro 28 4L
VS TR O B AL A s T
5.1 TEpiE BN T B B A2 e R 53 4T

W IE 5% RV A i ARl , R EAE Py =0. 2
m/s” R 2 R S 8 n sk 4.

=4 BEELH PTMD RS
Table 4  Optimization parameters of PTMD of super tall struc-

ture

RIS H, fiifk Gerges i1k
HARBRLL S, 1.00 0.975 5
ARFE L £, 0.13 0.070 2

FE N ] Matlab 347 50(E {5 FURT, 3% 1 52 Brgh
P95 BARR PR R W H [ | B 2544 -PTMD K R iz
i (6), PTMD 2403 5l 36 F H, ik 5
Gerges flLAL1S 2 (1) 55 L S 50, X 45 0 7 R 47 )
T 07 353 R F Newmark-gB 75 o D HS 7 ] 1 [€]
7 R, Gerges ALY L5 (T RS I (E | TR 4548
T JEE W AF 43 391 BE TG 8 45 # B/ T 26. 76 %
30.23% o H, AL 2544 (7 B W {E . 3= 24544 in
R W fH 43 ) Bb TG S R /N T 61.61% K
60. 71% , 5 Gerges fifbAH L, % IEAEL M H, 1
PRI T 4504 (37 R W (L L =5 445 44 o 8 138 0 1 4 331
JNT 47.59% Fi1 43. 69% , PTMD 3 £ W {E i /N T
23.4% . HIEARLMEM H, AL L Gerges LA
WP AR s I PERE , I HBE 78 5 /N (R 42 £ 3 1
DA B AL B 4 ) 7 A o 5 R o 3% BH A R i) i
THEAE L N R X PTMD #1728k i1t
B A AR S M RS e 7, AT 328 /35 PTMD (1) 4ig
S il RE



60 JUINREE S CH AR AR 22 %

T s
e
= ST

iy
fiptae e SRR

PTMD{# £6/°
-

-50

G 16 B I R/ (m - 57)
o & b b o v & o o

FE A B /m
S5 b b o v & o
-2, '
-— 1
===
e, :
e
———
——

0 50 100 150 200 0 50

100 150 200 0 50 100 150 200
T fl/s I fl/s I (/s
(a) L5 LR I R0 L (b) L H I E I P L (c) PTMD{ f I FL0 i

&7

e VAPl 2 FA-PTMD IR AR e i

Fig.7 Time history response of PTMD- structure under harmonic excitation

5.2  SEERHbE B T BB AR i B2 4 4

R T R E LRI Pk A S B b R
YER T X425 PTMD iz 20 4 il 14 B 10 A 2k, #
El Centro (EW, 1940 ) 25 ML b 52 90 5% 1E Jhy M 5%
A EL Centro (EW 1940 ) 25 #1155 10 55 435 28 Fif (7]
53 s, HURRICSEIEME R 1.1 m/s” A1 3 m/s”, 43l
INZ IR SR B . B H S PRE T R AR L
PR R 5 S5 #-PTMD (& & (142 3) 7 f2 X
(1) ,PTMD 24435l H H, AR 2 RS2
5 Gerges RALIS RIS EL, XG5 MR R iE AT RS
M 87 X B AT o

2

Wi =1-"1i=1,2, (15)
0y
Hp o0, 00, 05, 20 W8 G5 K | Gerges 14k
04r fGerges‘vjEHﬁ

g
~N
)
&
&
®
H
0 4 = “ + . 0 -
0 50 100 150 200 250
& [)/s
(a) EEMEHER
- x10°
1or ---Gergesft tt

N —HAR

PTMDJ & /1/N

I [E)/s
(e) PTMD [ BiFE HLZ

B8 ZiHiE T PTMD-45 4 {A 7 it it i

Fig.8 Time history response of PTMD-structure in frequent earthquake

Bk S Hy S R 3 A% IR R 17 47 22
MR R P 8 S [ 9wl LU Y, 3 Bl
SR PTMD 122 i 52 B B 52 F 24 42
PR PERE . Z MR T, Gerges {LAL 1852
R 63.19% , i H, AL R 68.76% ,H,
PACHIER A L Gerges PEALAYI/N T 11.13% .
BB HER T, Gerges fLALHY I AZ 3 N 59. 14% , H,
DALY RR R 67.07% , H, fIE Ak i 42 i {H LE
Gerges ALY/ 1 10.10% o H, HEAL1E =L
Jil B R B EE Gerges JUAL A HIBREAICR , HuR=
AR AR X AP L2 BUA SEOMTIVT A2 o DAY [m]
el LUA L Hy LIS ECT 9 PTMD LS/ Y
KPR S (IR AT BHJE 10 H, fUAE T E45
BHJEAERE /N, A Z5 R R I T s i 2 20U

d =t Gergesﬂﬁ 1k,
A —H b

PTMDHE f/°
: { = w

0 50 100 150 200 250
i [E)/s
(b) PTMD #E AL,

_
oy
j]&]
¥®
]]A\]
=
k=
®
H — Gergesfitfh

—H, itk
0 100 200 300 400 500
I [)/s
(d) =EWEEEE



53 3]

R ARG - 2R R R o B B 23 T8 R S ROk AR AT 5T

1 — Gergesfit it
3 —H, R4
R
& 0 T 15 45 1l
o
® -
& g D e
= TS
|n8
f;_\] 05
A
0 50 100 150 200 250
i 1E)/s
(a) EEMATBEN
i 108
---GergesfiL it
—H,fiifh
Zo2
o
R
AY)
Z 0
=1
2
& -2
4
5 0 5

I [8)/s
(c) PTMD [H /B % [ ga 4%

61
30 ¥ ---Gergesfit {t.
20 .i.-: . —H, itk
¢ i
§
B \ ST
2 ol
Z 10 L::-:"
A 41 {
200
K
0 50 100 150 200 250
B &)/
(b) PTMD &
" <10
-
E%
kit 6
¥ Oy
8 |
= o4
T
"
H E — Gergesfitth
—H, ik
0
0 100 200 300 400
I [E)/s

(d) =£WIHE#HEE

B9 BEBiHE S PTMD-4t 4 {4 2 I A2 0

Fig. 9

(1) ZE R g i T, PTMD 2 38 1 4R 21
I, FIEAR LM D R S B A BE 25 A-PTMD {4
RIS, RS L SRS T B IBEM &
YRR R A RS, (BT X HE R AT S0, 45
SR, PIRR 7 5T AT Hh A A5 R R R R D% 25 T
FEl/NF0.76% .

(2) Xt o PTMD A2k MR A 55 S5 R0 PR Y
TEAN [7) 00l Wk (LT F1%) 35 0 i 7, 252 8L 3850 Dl W L
R, PTMD 247l 20 1 R0 8t , 94 o i 2851 4%
PEZEBE . O 1 AR IEE R 0. 13 I, iR 22
5 58% o PRI, TERWRME L T, PTMD 2 £ 4E 48

S 230k
[1]

Time history response of PTMD-structure in seismic fortification

X PTMD iR gh 42 il 4 68 i 52 i A 1] 200 o 38K
Jitit HE, T LI/ AR Z AR

(3) H, fifb ™ PTMD i 3l £ i 1 fE i T
Gerges {LAL , JA i (ELBEK, (LS5t o AR LE
p=0.01,P, =0.13 m/s* i, H, B Ak i) OB i {i
E Gerges (AL YIS 1 41, 14% o A% Mg {EL IR
~, % J& PTMD 24 AE Lk %) PTMD 47 2 84l
PCREA R/ T2 254 37 7% WL, FF 4 =5 PTMD fy
BRRTERE . XAEARLS BN A8 2 I
PRHEAT TR RN, 2R R, Tl el , 1y 1
EF E S5 7 B8 I L Gerges fIE 1k HY I8/ T
47.59% , WIZR IR B H, EALAY IR R L Gerges
AR R 5% ~ 8% , (B RE A% Bt 3t /)N I A2
E Nk

Sun C, Jahangiri V, Sun H. Adaptive bidirectional dynamic response control of offshore wind turbines with time-varying

structural properties[ J]. Structural Control and Health Monitoring, 2021 ,doi:10. 1002/stc. 2817.

(2]
(3]

tures[ J]. Engineering Structures, 2021, 228.111554.
[4]

B, TEIEXS, ZA40R, 4. a0l B B SR 7 p i LA LRI [T ], SCl Ak, 2017(1) :67-69.

Wang W X, Yang Z L, Hua X G, et al. Evaluation of a pendulum pounding tuned mass damper for seismic control of struc-

Christie M D, Sun S S, Deng L, et al. The variable resonance magnetorheological pendulum tuned mass damper: Mathe-

matical modelling and seismic experimental studies[J]. Journal of Intelligent Material Systems and Structures, 2020, 31

(2) :263-276.



62

JUINREE S CH AR AR 22 %

(5]

(6]

(7]

(8]

(9]

(10]

(11]

(12]

[13]

[14]

[15]

[16]
[17]

(18]

[19]
[20]

Qiu Y J, Jiang S. Suppression of low-frequency vibration for rotor-bearing system of flywheel energy storage system[ J]. Me-
chanical Systems and Signal Processing, 2019, 121 :496-508.

Xiang P, Nishitani A. Structural vibration control with the implementation of a pendulum-type nontraditional tuned mass
damper system[ J]. Journal of Vibration and Control, 2017, 23(19) :3128-3146.

Gerges R R, Vickery B J. Optimum design of pendulum-type tuned mass dampers[ J]. The Structural Design of Tall and
Special Buildings, 2005, 14(4) :353-368.

Roffel A J, Narasimhan S, Haskett T. Performance of pendulum tuned mass dampers in reducing the responses of flexible
structures[ J]. Journal of Structural Engineering, 2013, 139(12) :04013019.

Zhang J J. Locally exact discretization method for nonlinear oscillation systems[ J]. Journal of Low Frequency Noise, Vibra-
tion and Active Control, 2019, 38(3/4) :1567-1575.

Sharif-Bakhtiar M, Shaw S W. Effects of nonlinearities and damping on the dynamic response of a centrifugal pendulum vi-
bration absorber[ J]. Journal of Vibration and Acoustics, 1992, 114(3) :305-311.

Brzeski P, Perlikowski P, Kapitaniak T. Numerical optimization of tuned mass absorbers attached to strongly nonlinear duff-
ing oscillator[ J]. Communications in Nonlinear Science and Numerical Simulation, 2014, 19(1) :298-310.

Xu K, Hua X, Lacarbonara W, et al. Exploration of the nonlinear effect of pendulum tuned mass dampers on vibration con-
trol[ J]. Journal of Engineering Mechanics, 2021,147(8) :04021047.

Viet L. D, Nghi N B. On a nonlinear single-mass two-frequency pendulum tuned mass damper to reduce horizontal vibration
[J]. Engineering Structures, 2014, 81.175-180.

Colherinhas G B, de Morais M G, Shzu M A M, et al. Optimal pendulum tuned mass damper design applied to high towers
using genetic algorithms; Two DOF modelling[ J]. International Journal of Structural Stability and Dynamics, 2019, 19
(10) :1950125.

Garcia V J, Duque E P, Inaudi J A, et al. Pendulum tuned mass damper: Optimization and performance assessment in
structures with elastoplastic behavior[ J]. Heliyon, 2021, 7(6) ;:e07221.

PNBL, AP EE. R BRI BE Y 1R Bk R g R RE A A [T ). RSl AR AR, 2021, 34(6) :1215-1222.

Li L, Du Y. An innovative design method for nonlinear tuned mass damper[ J]. Structural Monitoring and Maintenance,
2018, 5(2) :261-272.

FIESH, SRIEAR, BEURME. T EE4EIR 30 R G BELIURI M I 1 Krylov-Bogoliubov T4 75 ¥4 [J]. 4R35 widi, 2000, 19
(2):83-85.

FHSH, SONE. TEEBIRSIR GBI RINEIET]. IRsh TR, 1998, 11(4) .472476.

Lai Y A, Yang C, Lien K H, et al. Suspension-type tuned mass dampers with varying pendulum length to dissipate energy
[J]. Structural Control and Health Monitoring, 2016, 23(10) ;1218-1236.

[ REHRE: FhE%E]





