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Tab.l1 Measurement result of damping ratio of TMD

i) a/(mes ™) 2 &
1 0.493 1 — —
2 0.443 8 0.105 3 0.016 8
3 0.396 6 0.112 4 0.017 9
4 0.352 6 0.1176 0.018 7
5 0.3122 0.080 7 0.0128
6 0.288 0 0.080 7 0.0128
7 0.268 9 0.068 6 0.0109
8 0.2317 0.148 9 0.0237
9 0.194 8 0.173 5 0.027 6
10 0.179 1 0.084 0 0.013 4
-3 {E — — 0.0155

M 10: 1A JLAT AR L EE , BT A 3.2 m TeAkE BiE
R G54 A5 ROBE Y o B 25 Fg A B 27 73 301 i
B R BB N CA RS AR AR A SR N S
J8 o BUIE A R A AR R AN P 4 TR 2 B R
RS W SCHR[19].

B4 Bl - R4 f A
Fig.4 Model of track-bridge structure

2.2 FHER

FT T A TR X 5, R 10 188 2 455 JURE R
B JBE R, [ I 2 A e T 10 1 1) 2R A8 B 9 47 hn
B0 T ) B R ph AR R 2 A B X A, LA CRH3
Jir TR 2 i) S Jo g B AR TR B 1) 0 ) PR R, R B
[ R 45 N B M R R AT IC B . A A ) 1) A
RIANTEL 5 B

(a) Before counterweight
5 AL o RIS A 1] AL Al
Fig.5 Model of bogie before and after counterweight

(b) After counterweight

23 EF-H-HEREKE RS
%A G0 R AT A R A R RN 2R 48

AR, A 2 6 A B 355 i DX 3 XL
Do Iy L BIL S 3l g IR T e Y 22 28 2 5 | I 1)
ZRHEAT 2, (07 8 980 S g A o) 4 0 R 7 4
A3 g KX, B RN 1.78 m/se B -BL-Hr
R AR GE W 6 fr s o SCHKL 20 13 i B 33 56
R4 BROC AT EAR S & 10073 % 4% 2l i 28078 T 3
TE R R AR BRI R R L BE AT TR A, P A
S5 R 7R U 1R 28 R VRIS BRI SRk T BT
VB B 22 -4 R I 3l 4 RS B 6 2R 4 Y T
P, AR T T A 2% 0L R B AR R S R B
I3

el Y
3
i e
TRIE X WRRE 1 EX
BRI X

6 Bk AL R4
Fig.6 Vehiclerail-bridge model test system

3 REKE
31 Wi

WA 28 & B AU 45 : DATaRecdDIC24 4 %
A, T Bl R 4 5 00 W 5 R Bl o ok B A R L
T4 UG A B 2 N 5 R B DA B e 2k . B R 4R
S5 i R A% AR AN R 7 s o

7 R SR B A3 e 2 A T

Fig.7 Data acquisition instrument and acceleration sensor

32 TMDEIRIAZEENEHRE

R FE TMD X 25 3500 B2 3% 3l 10 0 3R 5008, 7f
WO EisfTH)E N 1.78 m/s B E AL . TMD I
P TH A0 2 2 7 .

X2 TMDHEIRIR
Tab.2 Vibration reduction conditions of TMD

55 T

1 AW AR

2 TMD AR (B H R 0.01, 465 0 8 3 AR)
3 TMD Jidie (5 5 L 0.02, 22355 4 1 3R

4 TMD W IR (R L 0.01, 2226 {1 B . T M)
5 TMD Bl (3R + T AR)
6 TMD W4 (3 Hz + F )




55

T ML LT TMD BSR4 2 B B 0 B 5 967

6 A ek = T4 A AN P 8 ir /s o AR A B B, LA
6 G 125 v T I 43 R G TE TOUR R 3 AR A5 43 )
E 2R IR S CA G, BRI A5 2 /DR AE 30 418K
P, AR H i o 4% 0 I I W TR A SO 5k B 20 414X
I8 08 7 B R AT 0 888 53 A o

qﬁ? TMD
Cz . 3 C2 % PR

(b) TH2, 3F16
(b) Working condition 2, 3 and 6

(a) L1
(a) Working condition 1

TMD
C\\%j//
(c) T4 @ I%S
(c) Working condition 4 (d) Working condition 5
K18 6 Fhsi ik 1. 00 A &

Fig.8 Layout of 6 vibration reduction conditions

TMD
% X X

4 TMDIRZhIZH 52

4.1  A[E B E b X R 3h 4% i 2R 52w 43 4

¥ TMD H 79 gl 45 6l 0 55 B, 25 5 % JE 4R 3)
P W) R A M 2 A DL KR B s ) 2R U R R R
TMD Jif & b BUE o 0.5% ~2% . BEiT 2 Fhist
5 T8, B EE 4y 9 0.01 F10.02, TMD A [a] i
R TN B 9 B o 45 A I A AR R ) T 00
TR 2w N, TMD A [R] 5T S L o8 B 288 an 1 10
FIE7R o

(b) Ilﬁ‘ﬁ
(b) Working condition 3
B9 TMD A [A] bk b 22 %% T 00
Fig.9 Installation conditions with different mass ratios
of TMD

N
(a) L2
(a) Working condition 2

w1 18 10 AJ 1, 78 50~60 Hz PV, TH AR 5 38 b i 4R
B B A 2 0N, BB AR LGS 0.02 B B A U IR
SR T 0 A oA 0.0 B ) s R RS, HG Al AR A
FI AR b3/ . DAFE AR R 43 B %42, B % 2l 57.5 Hz
Bb, 03 3 i 97 06 (B R 0.007 5 m/s” 24 TMD Jii i
Eb A 0.02 B, 3 B i R B 0.007 5 m/s” 3 I 2
0.004 m/s”, P 4R R~ 46.4 %, 100 5 & o~ 0.01 B
AR R 27 % o DATRARAE Ry 23 BT X 52, 76 0503

a/(mm * s7)

90770 20 30 40 50 60 70 80 90 100

f/Hz
(@) C
16 : 5 v
— T —TH2 — T3
14t

8_

6_

4_

2-

%010 20 30 40 50 60 70 80 90 100
f/Hz
) G

10 TMD AN [ Bk b s 4 28R
Fig.10 Vibration reduction effect at different mass ratios

TMD

Fil 50~60 Hz PN, % % TMD Ji5 9% o)) Jin 3 5 75 51 7 A
AR, LS & S 0.02 F B 0.01 BF i 5 2 [
BR LA H T TMD %23 F # A AL, 100 5 1R 08 4% iR
JEAR K, 45 Bl g, TMD AN [a] # J5 f be owf s 4% %%
LA W RS2 e BT A LA 0.02 B s R 2508 1
TR 0.01 W A% I R R4 SR .

PR R AL TMD 2 5, IR 8 R 48
AR 2 A A R G AH L 4R B o O B R
I)+ bt b, —x,)=
ko x,—2,)=0

m 3+ c(x,— F, sin wt
Mmydy— (21— 3y) —
(3)
Forbromy Wy B2 2R Ge 1 o ik BRLIT S 805 ky S B B R
SEWIE 00, 200,00 530 90 R A 2 o 2 BT I IR 3l 2 %
P 3h T T A 2h I B 5 F oA A0 0 R E s 0 R A1
B B AR 5 m, o TMD B i L C B 8¢
TMD BHLJE R b, J3 TMD FER B 5 2,, 25,8, 53 5
i TMD J5i 7 B 5T 1 9% 3l 62 3% 4 2l 3 B2 K 41 20 i
B
YERTE £ RS B AN B N F ()=
Fre™, 930 & 585 B4k sh & 58 19 62 88 23 51 K
=X R 2, = X, e Hoh X R X, R
I, Y 52 T R



968 RO o 5 B W 55 44 %
(Ksz2m2)2+wzcz
X,=F, : 2
[(/el—wzml)(/ez—wzmz)—wz/ezmz} + W' by — w'm, — w'm,) (0)

Ki+ o*f

XZ — Fl
[( bi— w'm,)(ky— w'my)

Howh:wy, w, 20 90 08 4R 81 & 8 H TMD B 18 A

; 2 . 2
— wzleynz] + W**( by — w*m, — w*m,)

K 30 (4) 5 T MIE 2, T o7 28 452 1) W) i 37
BEEREMFREZ LA

X, (=) +(20)
T [ =)@ — 20— pae] +(20) (1— 22— p2?)’ .
X, () +(282)
T [ =)@ = 20) = pat] +(20) (1— 22— p2?)’
Kb o, —F /K. N ERDELOH AT p— 10
my/my, 9 TMD JF 4 2098 5 3 98 3 2 40 10 it 1L 5 ol
a=w,/w,, } TMD 5 % 4 5 5 G 1 [& 47 951 % 1 ~
A= w/w, WIS R S R S R I o8
E=c/2myw,, NELJE L 2% \\g/ 4
X /X X0/ X4 50 6k 7 2R 5 £ W 7 37 15 °
TR G BRI 2 L S W X R 2 4 B R 3 R 4 gl
Ko W (5) AT LLE Y BT i b B K, # 52 U e e T T00
5 30 W 7 02 47 0N 15z
42 FEMLE RIS H R E NS i
ST W ST TMD 8256 7 46 92 W] — T 19 A [ £ 12f
S 69 4 M 0 00 R BB it L S 0,01, 3 10}
oI 3] 7 5 AR R A A A 7E R R E 8
T 4R S0 . TMD R [ i 5 4 AR E | \
1R 2Jkﬂ
A L R TMID S5 f U BRI TR 90 10 20 30 40 50 60 70 80 90 100
ORI T TMD %% 75 M AL 9 208 L FL7E 50~ e
60 Fz 1 3 st FFL P4 0 22 0 1 45 50 S 4 " mwx%;%%ﬁ%
B g 53 Ha I, T J22 0 37 1 0.002 8 m/s* 58080 3 Fig.11 Vibration reduction effect at different positions of
0.002 2 m/s”, Vol P R SR H 21.4% ;4 5 F hy 54 Hz TMD

IF 0 5 R 0 S 1 0.001 6 m/s” 8 2 0.001 2 m/s%,
IR S 25 %0 5 40004 55 Hz B, Jin i J32 e 1 iy
0.001 4 m/s" % ¥ £ 0.001 1 m/s", W & & & A
21.4% o BN, TMD %2 3 45 Ti A £ & i), 382 AR 40 n
P TG B AR A

25 B TR, TMD 22 28 78 ToURR IF, X T90 A A7 5 9
P B ., 93 A5 R e K24 ok 2594, T B A o7 O iR
RORA W 5 3 TMD “22 2% £ 3L AR ], 357 0 A 1% 9 41 2
S AR T TMD %2 2% F TR IR A9 350 5

43 AEZREFHEXRIZFI BRI

R T WFFE TMD AN [7) 22 26 B3k % 47 5% 45 44 9% 2
P SR R, B 2 A T O 2 A
TMD 53 5 % % T AR F 3 AR ; @24 TMD ¥ % 2%
TEAM . TMD A A £ 2288 TOC A 12 s o 8
B I A A6 AN 6] 00 (9 4 sl 1, TMD A [R] 4L
IR IRPCR WA 13 R



B OHL AT TMD B9 42 SO S ik ol 45 B8 R 9 B 5 969

/) X

v/ 1 &
(b) LH6IMB R RERE
(b) Schematic diagram of
on-site installation of on-site installation of
working condition 5 working condition 6

K12 TMD A [FECR 25 T.00
Fig.12 Regarding the installation conditions of different

N

(a) THSH RFEREE
(a) Schematic diagram of

quantities of TMD

10
8.
'?'? 6-
|
Ny
2-
010 20 30 40 50 60 70 80 90 100
f/Hz
(a) C,
16
14}
12}
"o 10 F
E 8
I 6t
N}
s
2.
0 10 20 30 40 350 60 70 80 90 100
f1Hz
(b) C,

P13 TMD A [l H0 kg R
Fig.13  Vibration reduction effect of TMD with different

mass ratios

i & 13 AT, 22238 24 TMD A4 U 418 2% 58 11 4
PEF 4224 1A TMD [ 3804 80 L sk 4 A 23 415 [l
TR T, 2% 14 TMD iF, 50~60 Hz 4 3
DB AR R Bl B 3 2 TMD B 9 i 2
2 ORI 7 40~70 Hz 22 08) o RAEARAE
Iy HERE G SR Ny A8 Haz i, I Ul J 4% it i 32 4 1)
5 Bh 058 BE 0 (M 0.013 7 m/s%; %% 14~ TMD F
AT, 48 3 By 0.013 5 m/s?, To B B s IR 5 %%
H 24> TMD F T AR RT3 AR B, i 8 o 1 F% =
0.008 5 m/s*, W P& & R M 37.7% ;24 TMD 4 %%
T3 B w3 JE Kk 0.007 6 m/s?, , U HR SR K
44.2% ., G AT, 222 24 TMD A 38 M Ab sk %
FICHA R TE, H 24 TMD 4 %2 2% F 35 4 10 0 R

SR T 24 TMD 43 51 %2 %6 F T00A RN 38 A s o LA
TARAE A 3 BT Xt 42, 24 24~ TMD 4351 4 %€ T T AN
AR B, TOU A Ak vk A ORI %6l 53 Hz
i, T AR 3 B2 i 1 0.002 8 m/s” 08 & 0.001 9
m/s*, AR SR K 32.4% 5 B0 K 65 Hz I, T Al
Jin B i R f0.003 2 m/s" B i & 0.002 4 m/s”,
PR R 2550, 25 LRk, 44 24> TMD i ik Ik
B BT 28 1 TMD, Hos 3R 45 % 50~60
Hz 2 7+ & 40~70 Hz, TMD 43 51| 2 % F Th b #1 3
M E, T0 AR Ak 9 4R B K AT 3k 32.4% 52 4 TMD ¥ %
% TR AR , AR AL U IR e KTk 44.2%

5 & g

1) TMD JFi & b i 0.02 B s 4R %R A T B kb
9 0.01 B 9 sk 4l R0 |, 7E 25 SR 25 4 2 4 D) K Ik Bl
il 28 55 M 2 UF R, AT e ik B T A B K Y
TMD. A [A TMD % % {7 B XF 56 52 45 350 44 v 41 5%
RN A] HFE 22 % TMD AR Ab (1 3% 3 i o7 2 73 51
TR S P PRI AT LA IR Bl R B AR Ak
I 4 e TMD, i A7 A1 I B 8 I P M 22 %6 2 4>
TMD XF 54 P 25 W M I IR 2L SR B B AL F &% 14
TMD, Hys 4 1 Fil o A Fr £

2) 1€ TMD 3 150 530 [, 50 42 e 280 LT
0GR b Y 4R i A5 2 TR B A . TMD 7R
P sl 45 6 v (8 R AR B SC B TR SR R 4R S % IR
TMD [ J5T 5 Fb 28 3 A B 2 2 00k 25 2% A, L)
5 B B A A D AR AR

z % X

(1] Z/NE, AL, M, S5 . B 50 A B2 Il I A R AT
FEEELT]. A B 2E AR, 2018, 31(7): 5575, 136.
LI Xiaozhen, YANG Dewang, ZHENG Jing, et al. Re-
view on vibration and noise reduction of rail transit
bridges [J]. China Journal of Highway and Transport,
2018, 31(7): 55-75, 136.(in Chinese)

[2] Xzil . %is LR M REERT]. 2l TRk,

2005(1): 65-71.
DENG Yunging. Comprehensive comments on simple-
supported box girder on passenger dedicated line [J].
Journal of Railway Engineering Society, 2005(1) : 65-
71.(in Chinese)

[3] WAYE K P. Effects of low frequency noise and
vibrations: environmental and occupational perspectives
[J] Noise and Health, 2011:240-253.

[4] HEMMATI A, OTERKUS E, BARLTROP N. Fra-
gility reduction of offshore wind turbines using tuned lig-
uid column dampers[J]. Soil Dynamics and Earthquake
Engineering, 2019, 125: 105705.

[5] EWIZk, W, K%, 5. W E TMD I RIS RS



70 #® oW K 5 B W o544 %
1R T A BR B 4T[0 ). s, 2021, 51(3) - [15] X4, \ARM, #ik, % . KHLEE 4 PS-TMD # sl #5 i

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[14]

109-114.

WANG Mingzhu, HU Weizhong, ZHANG Ling, et
al. Dynamic properties and human-induced vibration
analysis of long-span floors equipped with TMD [J].
Building Structure, 2021, 51(3): 109-114.(in Chinese)
T WL, BRICo%, U . R 5T e A% (TMD ) X4 22 i
b NI A N e F QS P S e o T
1994(2): 159-164.

XIANG Haifan, CHEN Airong, GU Ming. Suppress-
ing the vortex-excited vibration of bridges with tuned
mass damper (TMD)[J]. Journal of Tongji University
(Natural Science), 1994(2): 159-164.(in Chinese)

H OB bR, Tk R B A a4 T R AT 2 IR B b
TMD #fI[T]. #iksh 5 vhli, 2005, 24(2): 58-61.
XIAO Xinbiao, SHEN Huoming. Vibration and the
TMD control of bridges under moving loads[J]. Journal
of Vibration and Shock, 2005, 24(2) : 58-61.(in Chi-
nese)

CHEN Y H, CHEN D S. Timoshenko beam with
tuned mass dampers to moving loads [J]. Journal of
Bridge Engineering, 2004, 9(2): 167-177.

CLARK A J. Multiple passive tuned mass damper for
reducing earthquake induced building motion [C] //
Proceedings of 9th World Conference on Earthquake
Engineering. Tokyo: International Association for
Earthquake Engineering, 1988: 779-784.

SI'Y L, KARIMI H R, GAO H J. Modelling and opti-
mization of a passive structural control design for a spar-
type floating wind turbine [J]. Engineering Structures,
2014, 69: 168-182.

COLHERINHAS G B, SHZUM A M, AVILASM,
et al. Wind tower vibration controlled by a pendulum
TMD using genetic optimization: beam modelling [J].
Procedia Engineering, 2017, 199: 1623-1628.

JBHE, EAR, SRR TMD 306 E A 2k AT 38 0
g shBF5E LT ]. BRiE A4, 2005, 27(2): 85-89.

GU Ping, WANG Miao, WU Dingjun. Damping sup-
pression of lateral vibration of the existing steel truss
railway bridges using TMD [J]. Journal of the China
Railway Society, 2005, 27(2): 85-89.(in Chinese)
TR, RPN . LT R A PR O AR B Y 4R 2t
TMD fik sh ¥ Hil A58 [T ], BRIERL 22 5 TR 4, 2020,
17(1): 110-117.

LUO Kun, ZHANG Xinya, LEI Xiaoyan. Research on
TMD vibration control of box girder based on reference
finite element model[J]. Journal of Railway Science and
Engineering, 2020, 17(1): 110-117.(in Chinese)
PEME, LR, BEEDIE, SF AR SO LT
AR G LSRR SRR [T]. b A B R,
2022, 35(7): 173-183.

LI Ximei, WANG Xin, MU Bohai, et al. Research on
vibration control of twin-T steel concrete composite con-
tinuous girder bridge under vehicle load[J]. China Jour-
nal of Highway and Transport, 2022, 35(7): 173-183.
(in Chinese)

[17]

[19]

8L S AT B S RO IRAL BT (T]. TR A,
2021, 38(12): 137-146.

LIU Gang, LEI Zhenbo, YANG Wei, et al. Mecha-
nism analysis and parameter tuning optimization for
wind turbine towers with PS-TMD passive control de-
vices[J]. Engineering Mechanics, 2021, 38(12): 137-
146.(in Chinese)

R, G TA, K, . AENZE TMD7EKR
5 M R s R B b g iz (D). Bk gl I S 2
2020, 40(3): 578-584.

WANG Liangkun, SHI Weixing, ZHANG Quanwu,
et al. Adaptive-passive multiple tuned mass damper on
large-span floor structure[ J]. Journal of Vibration, Mea-
surement &. Diagnosis, 2020, 40(3) : 578-584.(in Chi-
nese)

B, KR, EMA, 4F . T TMD B U BB 45 4
I 4 2 #4 wh WF 5E [T]. b 5t 22 2 2= i, 2020,
44(6): 51-58.

LUO Kun, ZHANG Xinya, WANG Pengsheng, et al.
Research on low-frequency vibration control of U-
shaped girder structure based on TMD [J]. Journal of
Beijing Jiaotong University, 2020, 44 (6) : 51-58. (in
Chinese)

JRB T, FBEHE, B TMD 5 il 48 A R e h
P 2 i B ALK 3 BF 5T [T PR3 5wk, 2021, 40
(16): 220-226, 233.

ZHANG Xinya, LEI Xiaoyan, LUO Kun. A model
test study on controlling vibration of an elevated track
box girder structure with TMD[J]. Journal of Vibration
and Shock, 2021, 40(16): 220-226, 233.(in Chinese)
PR RPN . R 2R U A T A A R ik
BER it SR [)]. 22 i sy TR e i, 2021, 21
(3): 146-158.

LUO Kun, ZHANG Xinya, LEI Xiaoyan. Design and
validation of test model for structural vibration of over-
pass with track box girder [J]. Journal of Traffic and
Transportation Engineering, 2021, 21(3): 146-158.(in
Chinese)

B, 20, B, L BN A IR 2 AR L 5
BRI B SR H (1], #hiE AL 5 LR %, 2023,
20(10) : 3841-3850.

LUO Kun, JIANG Xing, WANG Pengsheng, et al.
Design and verification of vehicle-rail-bridge coupling vi-
bration similarity test model[J]. Journal of Railway Sci-
ence and Engineering, 2023, 20(10) : 3841-3850. (in
Chinese)

E—1EEBN:PM, B, 19784 T A
A R AR, EEAE
77 1) Ay L 58 38 IR BT Bk B 5 MR
R 2% CPUIE A A A PR s A R g6 15
SR (CRIHE 2 ) 2023 4R 56 45 45 45
2 IR,

E-mail :1k360111@163.com



