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Abstract

By combining the methods of field test and finite element analysis, vibration under human jump-
ing load of a footbridge in Nanjing was studied, and tuned mass dampers (TMD) were used to con-
trol vibration and carry out comfort design. A three-dimensional finite element model of the
structure was developed by ANSYS software for modal analysis and dynamic time-history analyses
with different human jumping loads before and after the installation of TMD. Ambient vibration
tests were conducted to get the dynamic properties of the structure, and the actual acceleration
responses of the structure under single person and multiple people jumping with and without
TMD were compared. The research indicates that the first vertical frequency of the original struc-
ture is less than 3 Hz, and the vertical maximum acceleration exceeds the threshold value of the
code; after the installation of TMD, the acceleration is reduced obviously, and TMD can effectively
control human induced vertical vibration of the bridge.
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1. 5|

T NAT R 2T A L5 @ P AN AT S/ (BRSO . BEE NAT R R & RS LT IR, N
M BRI BAC, 5 NIESREEREEL, ABE N R NS E2Za8E. 8k, e,
B B whAL RN AIE IR Z AT . AR ANEANFRG SRS T AR E KRB T 24T 1.6~2.4
Hz, #i4 2.0~3.5 Hz, Bkik 1.8~3.4 Hz, #Bk 1.5~3.0 Hz, B{A/KF%3) 0.4~0.7 Hz [1]. M 2000 4E4&
HTRE M H KBNS M RIESRSN G [2], ANATHRIIRSIAIAT N AR &7 & ) 5| ke A Ak 2
BT NB[3] [4] ST ANATHF IR &7 IE B & I R, — S E R 7 AATAR BRI 2R . &
Bl AT R 5 AT HUGEF ARG (CII69-1995) [S1HHLE, AATHF b 35845 #4517 [ PR A 2 A /)
T 3.0 Hz. ERJFLIE Eurocode 5 [6]. He[E#HTE BS 5400 [7]. ME A TE CSA (S6-06) [8]5:2) 0 & NATHF
B MBRARNT 5 Hz, BRMEITE HIVOSS [9]Z 3R AATHr B [ iR g T 1.25~4.6 Hz MBURIEHE, &0
TR NBOREN T a5t S, IF RN NS TEAT IR ] . 1 5T & LB 35 (TMD) 22 45 K 3 2 5 il
MHE Az —, BRTENOSMR T RKERN TREEKRAK, TMD C&EAZ KA T H 152 N,
WAL 5T BRI 78 A T [/ K 2 W0 [4]. 7 S A6k [10]% .

A T T 5B AT SRR AT R AE N B ER AT 20T IR BN &7 & & im) @, R BR e i 5
I MAAARES B W77, ot 1S58 30 J R S AEAS [F) R BR far 48 00 T (Do BEma )82, FF R FH Jk iR 4%
HIFE, KEHC TMD W NSRS AT H 8

2. GHES

P T ORSPAR SCE R B0 B R 85 B T R U Bk =5 it AR R, I R S RN
i . TR MNTRMRAMATRAE A, SR m, EEN, S5ABRSEhE—8, L3RRk
SEIE A 1 R . %R RS 37.6 m, MRIEIASE 5 m, MR A B 10 mo EEUAHRES K o R IS AT R
F=RETEANE, #R1H y 0426 x 30, @351 x 20 1 0299 x 16, I 42K H#k[Hi J9[1600 x 600 x 24 x 24 K]
BOARANGE, RGHFEF G AV B REEACPRHE, B B8 2 0450 x 300 x 12 x 16, AH# 12
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Figure 1. The footbridge
E 1. ATRF

[N ®152 x 12, HFHERCRA IERZ SR . B8R A C40 yRE L, FERESKH C30 JBEE L, 45/ EWM K
FH Q345C 4W#1 .

3. ARTEE

AR RALEHA R TTHAT ANSYS JESZ = 4ERR,  JEX 85 EAT AR A S5 130 0 B 43 #r, K
F Beam189 F1 Link180 517t 7 AL E R AL, K H Shell181 HAUMFHIMR, HALH WAL AN 2 B
No

AL A B ERAER  E MARBRFE, ARG T A3 B SR S5 MR =B 8 ) B IR AKX 2.46 Hz,
5.93 Hz #110.30 Hz, XJRifHRM WL 3. Horpr, 5B a Ry R AN IESZ PR, HARBAI S i KT
BB N . %G ) — B R TUATR Ny 2.46 Hz, A6 RGBSR, HAb T A\ BkERZ 6 (1.8~3.4
Hz) N, SkA3tdik, PRIGRR ZETT S 450 N SR 30 Y o

UMFAE BT 2 9Tk % R SR FH R 8 o R FELJE 2% (TMD)BEAT IR BN H] . TMD S —Flv i I 1 8 43 ok 7 2
B, FEHRFETR. FEAERAR. 2 TMD [ E R 5 5 455 56 AR 5505 S0 A S AR T B
FEEM ARSI, TMD 2724 —A 5 3 25 3RS J7 AR S v 7 FAE 254 b, ANk S5 4 B £ 1)
PRohpE B3 TMD 258 &, 3450080 7 B 22k .

A ) R B B R A — I R R A T, DRETE B — P R I IR AU B oK 1 A B (RS ) AT L 4
£ TMD IR E, 2wk EMmi, HEASH TMD iR B EE &S5 0% 1. /£ ANSYS H
FROCHER AR B, 16 FH Mass21 BRoc 4l TMD 1))t &4k, 1% Combinl4 B ocibisil st I FH JE 25 .
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Figure 2. Finite element model of the footbridge
B 2. NMTHARTRE
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Figure 3. Calculated first three vertical modal shape
3. HEBRNEEET = EIRE

Table 1. Main parameters of tuned mass dampers
F* 1. TMD X E®itEH

B/ (Hz) B E(kg) BHJE 22 %U/(N-s/m)

24 412 547

4. PRERTTE T4EHANm R 5
4.1. BRERTTEAVERIL

NIRRT B 0 2546 7= A i) far At et 70, B SR B TE 5% ek Bt B AIL, ey A0 A B Ay 5 4 8 1) 28
—Br BRI (2.5 Hz), 31 REWCN 1.5, BANEEHH 700 N 5 NBRERAr#th & & 4 B o

TEZMF s AL B N ER AT 2, RSN AL S AR BRSO R SRS, R ANSYS
AT B SRR AT (B BR 2530 70 2 ) R AR W P 5 FToR » X E5R AT sl Jyma RS, 75 5 B
Jé o NTHRIFRJE L —AZHL 0.2%~2.0% 2 [H][3], ACKH Rayleigh fHJE, BHJELLi%EHN 1.5%, /53 5.2
I8 I I3 30 R 2 % B BELE b A Y

4.2. EHFINERL 534

TEFS T I BRER T A8, I R DS B R N A K. 7% 2 AR B A R 11 AR D 5 R A
6 = FRBkER T 00N B R AL E g R AR 26 . 2225 AISC Design Guide 11 [11]/AH XHE, # ABk
SRARTARAE R 51 A M7 1 B (0 IR SN BE PR AR 2 M 0.7 mis?e MR AT AE H, K& E TMD HIJELEHIE
BN BRER R B0 B KA F) 0.5 mis?, AR AR = B R A A 0o i 0.7 mis? R PRAE B SR . R
HI TMD FfilJa, s B /T 0.7 mis?, Wi ZaR .t Tk TR tRas, Moo 2k oy B AR )
TEZ P S, Dy A BRER . = N BRER (D03 B ma SE el g 50 NBRER ) 2 5. 3 fiF. THEAR BIMRIRS
#1°4 55.3%.
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Figure 4. Curve of jumping force
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Figure 5. Flow chart of dynamic time history analysis in ANSY'S
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Figure 6. Calculated acceleration time series at mid-span with and without TMD
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Table 2. Calculated max acceleration with and without TMD
= 2. TEBENRKINEE

BN BER [LPN:TES EYN:$7
AR /(m/s?) 0.515 1.030 1.545
AR5 (mis?) 0.230 0.461 0.691
GRITES 55.30% 55.30% 55.30%

5. NTH A BRI IAMR
5.1. MR EF

BT RS ARSI A £, SREIE — /N T 50 Hz, R SE A 941B B ARG hn s 44 RS f PR
SR NBAE T REDHTAL,  SHZMHEAT R 253 S e 3R Ar 248 F R A dR sl 2k . s 28 & 4o n <
7 B, BSmIR AT FH 3 A MR TR AR WK 3.
5.2. NTHaI RIS

B K RSB R 25 M 34T B D3RI . SRS BURhE 2 H AT @ SR g5 M i Al B 2 1 —
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Figure 7. Test instrument system
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Table 3. Main test equipment and technical indicators
= 3. AT A EEUR R ARIER

P& E S B FEEH AR
941B B ARSIR R4S 84 @A 0.25~80 Hz
155 REEAL 14 8 JHiE
TR KR 14 8 JAiH

ABE SR RS 1% 7.0 i

e A5 90 i FRL S A 2 8 iR -
EEACAR 14 —
R 14 —
HEHA 14 HiR 220 V. =

FhO7E, ERERKE S RATEN TR, Felid H T E AR S5 2 etk . AR B T BRI
B B, AT DA F PR SE 0 B g5 R e BLAE 5ok FON RG RS S8 REEUINEEE RGN
A N AR A A I BENLERE, BE S NEMAE S, S T/NEE g, BT &S
(AR AECN,  AT URHERf 1159 2 4504 1) B PRS2 K BHLJé b [12]

N T ERRAS BN 25K 30 R T HAORUEDUERS B, Ge B30 T BR M@ AT G- D (R i Bedb A7 Pk, ik
WA GAT NIBAT, DAY A B PR M TP o e FH /SR S Pl TE R A7 I, 72 A E 11 4
WrR(M1~M11), Wil 8 frw, Hort M6 Wl 5N S 5.

XA TR SR PR 25 N % o) ke JE B R B E BEAT RS S ORI, K45 B S5 T = 85 1) B iR A
KBRJEEEA T3 4 b, FR S RITTHRAR B4 BRFUE ST X . ATPRY B ARSUR I T SRR N T
MEAAE, P FER 223/ T 5%, 28 =Bk SRS K T-IME, PIE A R 20N 6.74%, b T & 36
W, A BRICTH AR 5 AR A &, S PR 7oA 5 SERRaS KA & . T4 20 A =B FH
JE LA 1.78%- 0.94%F1 1.60%, IJTE 2% VAP, X UiHHTSC 4.1 54T 3 JI 240 i iE HL 1.5%
(FIBHLJE b A2 A ER A o

5.3. BEERTETEL T a0 L

5.3.1. MR TR

XM AT NSRS 0 B , 7E E B E 8 AN AR A, WA E W 9 Frow, WA
TN C1~C8. SEBRMIARS, ZH411 A 2 AN 3 NfEEE AL B L IR 8 I s R BhER,  Bhik
BN 2.5 Hz (5 AT LR A [ TMD A2 4230T) , Bk BRI K297 40 s 5 MR T35 573 0 8 -
TY-1P. TY-2P. TY-3P. HlizBkikill alia Hanl 10 fros.

5.3.2. MIRLER
FH TS5 R PR, D55 C1~C4 OIS FE i 87 23531 5 C5~C8 A B mi o e, JH o) Joi K
MR C8, BRTRE, %54 il C5~C8 S-ibik i N ysdR il i 19 o FE ) o7 0 i K DI 3%
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Figure 8. Measurement points of modal test
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Figure 9. Location of acceleration measurement points

9. MREMSHEME

(2) — ABKER(TY-1P)
Figure 10. Site test of pedestrians jumping
10. BREREAMIAER

Table 4. Summary of the modal parameters
=4 BESHLR

. iz (Hz) TR
pirik —_— ~ 3 BRI
MR E THEE AR 22 =
1 2.55 2.46 -3.53% 1.78%
2 6.00 593 -1.17% 0.94%
3 9.65 10.30 6.74% 1.60%
e MXRZE = (FEAE — N E )R .
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Table 5. Peak acceleration at C5 to C8 with and without TMD

= 5. WIRAIEM = C5-C8 i FE i R &

TY-1P TY-2P TY-3P
plps
AR A ARG AR AR A TR )G AR AR A AR5 =S
C5 0.309 0.088 71.48% 0.427 0.234 45.20% 0.679 0.318 53.16%
C6 0.585 0.144 75.38% 0.803 0.426 46.92% 1.264 0.600 52.51%
c7 0.684 0.176 74.26% 0.937 0511 45.48% 1.465 0.727 50.37%
c8 0.784 0.208 73.52% 1.073 0.583 45.65% 1.657 0.868 47.58%
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Figure 11. Acceleration time series and frequency spectra at C8 with and without TMD
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M5 R LLE W, T RIEE TMD BRI U 5 e S 0 7 it 25 e i N\ £ 38 i
WK, — NBRERIS IS Ky 0.784 mis®, KT 0.7 m/s?, = A [R]INBRER % K hnid FE 75 3] 1.657 mis?, R
o SRR, EMF EEER A RBEOAGIEK. ST RE TMD IS5, s 5 mp
BB/ . S ABEER UL R, WA C7 Al C8 MU B I KT 0.7 mis®,  BARASH AL MRVE O SR, (HN
BARIRA BT A5%IIRARR s BRIk Ah, HA TS M S IEEZS /N T 0.7 mis®, FFaMisER. g
TMD J&5 & s iR 2 57E 45% 0L b, 5 NBRER T N R Z I 70%, 1B TMD K% TR IF R
TEH.

P 11 il o5 C8 7 3 kR T35 T Uk i J 140 ik 3 b R ot 42 S R S PR S il 2, I o 4 i 4
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XYL A BE R TMD FITiEFE, TMD R3] 1 W R aRIG1EH -

5 4.2 AT MRICTH RIS R L, DR AT S e K SR, X R S B A Bk
AN R LA 2 200 SRPRIRRT, R b R AR A B A IR AT AR PR R R kR, HE A
BRI DR S A B, RIAT BRGS0 25 SR 5 AR 45 SR A i . sl 4 B g s g R, %
Wi TMD J&5, DI EEma N A5 28 1 A i .

6. &g

ARSCR B TS S M e T BEIE 7T 1 R B NAT RFBRER 7 2K 1 BRSBTS 0. AT BRIT
RN ER — B R ) B IRPR N 2.46 Hz, 7RSI EIRIN 2.55 Hz, WRTELIRBIZNAT RIFS
B R AR AL TN SRR T A, 7 R NERB AR . A PR R N A
SONBRERAT R, TR RIBT N = NBRERAT TR T BRI B R KT 0.7 mys® (FIBRMEEER, SR A
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