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Abstract: Based on the human-structure coupled vibration, the human-induced vibration comfort of a steel structure corridor
was evaluated and the excessive vibration generated was controlled. In order to consider the human-structure coupled effect,
the human body dynamic model of the single-degree-offreedom system and the Fourier series pedestrian load model were
combined to represent a single pedestrian load. The finite element model of the long—span steel structure corridor was
established by using ANSYS, programming APDL was used to load the pedestrian load into the finite element model in
different working conditions such as fixed-point loading, single-step moving loading and crowd synchronous moving loading,
the acceleration responses between with and without considering the human-structure coupled vibration were contrasted and
analyzed. At the same time, the peak acceleration was taken as the index to evaluate the vibration comfort of the steel
structure corridor, and a single tuned mass damper ( TMD) was selected to control the excessive vibration of the corridor.
The results show that the population -structure coupling vibration should be considered when evaluating the human-induced
vibration comfort of the large-span corridor structure; TMD can effectively control the human-induced excessive vibration of

the large-span corridor structure.

Keywords: large-span corridor; human body dynamic model; vibration comfort; human-induced vibration; vibration control

0 gk (AN B, HL B IR A0 AN W B AT, BELE AS /)
A IS H A B Ry as [ IR AN SO A% R AA Ty 28t 2 W iUk, o 5 il a2
W 3t Y ) R Ok s PR, AE — BE AR TR H OB SN) A DUfe  FE E  JER L i AT A
2R OR I R R A e P A S - R R A [ 5 ARELSE 4 R DI H (51508257, 51668042 ,51868046) .
JEMJUK, 22K BEE E S B BB minges enikh, i1, 502, L/ S0 , Email: zhuqk@ lut. en.




5550 % 55 14 1Y

RN, 4. 3T NS5 PR 3 R 1 o N S5OHIR 3 8738 JE PPAG 121

HE AR BT, TR 43 A N BRI R , 5060 2 G
LA o PRI% 2 BT AT FERAE I 41 i)
Y Sh A s H Wi gs ), AR 20 473 B IR B R 4
AW DRIMCRIFSE A 3 o 4 1 NS0 S e 3
LR A 42 o ) SAR AT L B

F T AT Ao S 5 R R 5 W 4R 0 11 AR
VL BT LB RIF A A 3 AR 455 KA 1) NS00 30 7 B O %
FCHEAT 30 FI R A BT , SPE TR ITAR 45 4 (4% 3h 47338 B
RN A PR AT AR A Y . T AT A
AR RS — AN 2 A ) 2R G R 8h 1 2 55 T L
AT NN FATELE A B, AS TR B 22047 A 10 25452 8 %
61 I/ NS AL, 33 350 e A5 AT A A7 2 2 75 A G
522 VFERIRER I 1R A BR TR Iy =k
SRS BRIl R LN L 25 R AT A R R R B
BB TR, T 200 T 47 N5 45K 2 Il AR A
JT, 32 SEEOREADL 1 9 3l 7 5 S0 {1 2 1) 7
A —SE 22 B, EHLS5H (9 HR B0 B il T S35
YR ShAFIE BB IPAE 25 AR o Baker 21 (2R
A RS R O & R 47 N S 45 2 )
FR AR A PR X 405 0 B4 201 1 R A 2 L B
W], 447 AAEFATESS R LB 98 3 2 6 BELIE 2 A
1L S5 RIS 7 W R AR R e R T RE RS A
BRI ELAS DL rh 4 15 240 52 (4 N8R 010 17, B T K
Bl M VP 285 1 B R B AT 38 3 L R AR AT
sl g ELAT W T B BELJE ( SMID) [ 5. 1 phy JEE 1A 5
UK S 125 R0 | DT 2 AT -5 4 (1 A A
FHI; BFFE 45 20 SR FH PR TT 0 EL A9 25 3R 5 Sl 25
HA—F BT LROFILES, BT % ALY
FRAIRS A SO B 1 i BE R 2 0 AR 3l g 2 AR
ST I BN AT R A A 2 A AR AT A
e ARG 3 B SRy T AR S0, FERF ST SR 45
S B 2 ) 41 3 £ [T, % P A T 22 K R 5 R Bl %
2 K ) 7 W 7 1 S o
1 AEEhAER
1.1 AMEFASFERSE

7RSSR FHELA W B2 5 RELJE 1 1 o IR SR
RN P UM D e YN o b 0P
B 1R, Hop
m, .k, F ¢, 4B R AF NH B
BRUERBLE, F, T Af
o, HATANBIE GRS, u
Ay B 1 8 Tl (L S o

Silva Fl Pimentel """ £ jiii
ik F 4 2 e A
Al g 2 T 47 A B

BT W -
e & 4E

WIS A BELE RT FIAT A B4 S b o B A A AR
m, = 97.082 + 0.275M - 37.518f, (1)
c, =29.041m ** (2)
k, =30 351.744 - 50.261c, + 0.035¢,> (3)
2 MOAT N SEBRBRE: £, AT AR 25
L2 BASITHHRE
ARSCH B ol BER AR 9 AR S Ty 2R 5 s
M ZBNAT A AR S AR AT AR . Horp
(L BT RN 4) TR o (M
X I A B Bl i R AT N AT R A Y
Bl W R T 22 AN DR ST A T A
AR (5)

F =G+ G asin(2mif,t - 6,) (4)
i=1

F, = Gi a;sin( 2mift = 6,) (5)
Kb 6 AT AR E R, N; £, AT AT E S,
Hz; ¢ S IFa], 85 n S50 v 22 18 oy 280 BT I 5K 6,
AR AR — M 0 o A Bl AR N T, S E K — i
BT =, =k 6) ~(8) R

a,(f,) == 0.27f3 + 1.32f2 - 1.76f, + 0.76 ( 6)
a, = 0.07 (7
a; = 0.06 (8)

FE ANSYS A5 BRyci 4, R APDL 42 52 81
AR SN L. YR NSRS
PRBNT, AT LR BT N Aar 2R 0% 188 [ o3 f 4
ik [T A% 3 28 ) N A 708 FE SR8 b 7 7 T s X 1
A BRTC RS s ( nzds) b, s pE R ATASEADL L BN
TTEEARE BNL WS R B TR Y
HNLEFE A PR BB, EEAE ANSYS L A
IR Zh 72 A, Horp AARBY it m, H] Mass21 B15¢
KA, ARG 3 7554 H Combinl4 FITRAR L,
NARIWIEE k, FBEJE ¢, T SR B0k SEBL;
FIFHAE FC AT SR Bl 7 2# A5 AU S5 ) VR
IR B IS AR ) AR B 7 2R, 28BN
AL BN B Sy AR A [ R4 T A 3 A 12 )
Gy R A% sh 2k B ANATEAE S5 44 b i v
FON LA BRICHY RS s (ndos) b, AP &
IR ) 735 BV AT 0L BN A T 3 7 2% N5 4 1Y
ARSI
2 AB-AEHBREIREHEE

TERES BE ARAIR KR SR iz 2 a5t
— M AFAE PRI T N5 450 B AH BAE L 5 —FP o AT
L5 A6 F BELJE AT 58 4 3 0 Rk 1 52 il 5 — b
FATNETTNZ I BRI DL K AT N Aof 2 i AR A



122 # R

45 M

2020 4

SEER R SIARN Z R A TR 2 o MBI AT
SER EATERT B SR S, bR PR A 25 A
MM HESEROEHEAEE X T ENE
T X F i 1k 947 N, Zheng F1 Brownjohnm] s
HA R B AR R X T asdh AT AL Ellis FI
T SR B B AT A RS BT A -

AR FHAESE L N B R, R 2R
SEF I S Bh R B AT N A BT 35 BN SP- R AN
SR R A A KR B 38 2 5 45 4 R 2 3R o
B HB . AT AR BN R A A, Bl 254
(530, AT A4S F IR A AR, DT B[R] 25 84 7k
FEATE KA T 2% A AT 5 45 [ A Pk
BN, 25 K ARG R, 454 7E AR
AR N5 51 & NBARShEFIEE RIS N T HE
TR B RS B BT 58 NBEA TR T RIS S5 # 1Y)
PR R L ARAT LR TN 2 ) 2 Ak 19 B 3 in 2
T ZORAHUNBEAESE ) 132 5 o

TE AR AL, TR AR T E R
25 AR IR AT )7 s — 2 22 5
TR R AT N 85K 7 A 3t /1 P . T i 4 A
TARTE RIS, IR AR SO ABE R (0 B N7 A H R
FHAR B ST (1 BN b S FE AL, DA R 05 B N B
W

FE ANSYS A5 BRI, NBE AR shm 8 m]
B IAEF —BT 206 n AS(n IAE) L
B HIUAT IS Gt 45k« B e e NBERA T X 35
WL R BB 20 n AT N BIAS B3 SO R B A
BRI A A (RS L SR 5 Fae BEE RIGF X n AN45
NFERE—HF 2045 [ X 07 0 A% 5 ( Inkos) b [ st
PEAT R SNk, A B AT 9 BN B AR RS S 05 X
BB AT TR A7 Tz i 100
3 TMD L=z

Mgk P PR Bh N, T R B B IR
5 SR 4 225 KA 8 0 ) ki Ao 22 4 Rl PR e ) 22
Ko ARSOBE R P S VR 38 5 ik BELJE 4% ( TMD) %
B2 7 TR 1) 3oL e R Sh R AT DA e . AR SOk
(10, 20] W] 431 & TMD (%) I 5 & 0 B 2
R

1

aopl = 1+ w (9)

3u
= | F 10
gdopt 8( 1 + M) ( )
kopl = aiplw?md ( 11)
m, = um, (12)
Cupl = 2§0plauplwlmd ( 13)

e o, F €y 43100 TMD 55 25 Aa 4 il A5 1) 4t
RIHBAIELE; k,psmyse,, 7390108 TMD fiAb) i M
JE B AIBH)E: 0, MR B — B m, S
() — A A T B s e R TMD Joit bt 5 285 g 42 il 453285
H L.

TE ANSYS w54l TMD B, TMD ()57 & m, >k H]
Mass21 B 0ELHL, TMD [ 35 7 45 14 % A Combinl4
PATCAEHL, TMD R WIS &, FIBHLJE c,, 3 SO
4 II2EH
4.1 TiEHR

AT VISR SE R B TR . RS
JFRFEE K 21. 8m, T2 )5 K 2. 3m, YRIZE[EHE A 2. 08m.
FUCR YR FHREE R Q235-B i H UGN, 32 4% 1A
7 H850x300% 16x27 , Y 24k i 7 HN250x 125%6.5%
9, M TE K 100mm JEE AR BE + A, TR IEE T 5 S 9k
C30.

4.2 HRTEE

FEFIH ANSYS A7 R 70 3 14 8 37 12 9 445 ) 14 JB
(A FROTE A FE v, >R Shell 181 LT TR &
FH%, >R Beam 188 HITAAINZE . Ky T A5 FRIT
BRI S INAF A S PR B B9 45 44 %6 B , 7 s R vp R
Fw# 244 Shell 181 H170 5 Beam 188 HLITHY T
AT 35 B ) — /KT Lo TRBE ARV B ) 44 B
0. 693m( 2. 08/3=0. 693m) 474 FE 7T M A% Rl 43, s
B BE 7 T AR AN [R) () T8 X RO A 7R 43 7 JLAR]
A I FE R, C30 TR R 4 1Y B PR O 3.0x 10
N/mm?*, Q235-B 40 41 (1) 3 VE A 5 R 2. 06 x 10°
N/mm® AN 0. 3, AR Sy 1 A H0UR 45 4 142 JiE 5
WA SR P B 2, W A O A Y AT T A B
il X, Y, Z = AT m s 2. B 2 SHiZN gy
T JER (A PR OTAR 7Y
4.3 BEEDH

TE ANSYS 3% H] 43 Bt 22 & My 3 ( Block
Lanczos) X 1% 5K 45 44 3% JER E AT B85 20 #7 . DA TiT 3R A5
T LA 12 JHR 170 e A0 3 TS A o 1, L6 1 A
R f,=5.5 Hz, HAERE 7 B H B KA RS IR A, %
VAR =W ML OE R Wiy B i P i e = TR
IES EALE W 3 s .

4.4 ERABIRS T

TERH] ANSYS #4707 EABHUT , 326 H] 6 42 0t
TZN S IR TE R 1 TR JURD T8 R 18 s J32 g g
PEATIHE . X FAE RS H L B NEnT AR R A T %
FERE ST o R T I B A 3 R A N TR AR A
FHT B4Rt 7, 47 28 76 32 R 0 N HE %3 B2 43 i) B



5550 % 55 14 1Y

BRI , 4. BT A HE-ZE MR & PR 3h 5 1 i N\ BIOHR 3 7 1 2 A 123

—— p—
0 0002106 0.004212 0006318 0.008424 —0 959E-04 0.002031 0.004159 0.006286 0.008414
0.001053 0.003159 0.005265 0.007371 0.009477 0.968E-03 0.003095 0.005223 0.00735 0.009477
(a) =4E A (b) 1E 37 TR A

K2 AERoTHR

0.156 A/m* F1 0. 313 A/m?>, Xt R AECH 8 AR
16 Ao

El3 51 MBS 2 Bl (f, =5. 5Hy)

NEERHE S PRSI B0 T A A7 20 B 2 21 32 H9 45
REY 2 JER (14 A7 R T ASE Y v, 0 T A 1 45 4 7 AN [ T
O BIPRBIR I« 3R 2 B 45 00T A4 e (i i
FE It — 2B R B IR NS S 454
WA ok P2 /N o ol TR R ) B A8 0 8
NHN16 N [R5 B0 Ao % 8 FL 5 64 o 5k 2 i) 7
Mk, anfel 4 fros

R HHr TR *1
TH | ResE, | R .
G5 | GHRARS | T TRAR
1 & PN DL 1. 83Hz 1) 25 48 7 & iR
> i AR | g o giop
3 w5 o | BALL 1. 83Hz (1 25 A 7E % JHR
4 R MRS | |k
5 & 8 AN AL 1. 83Hz [ 25901 4E 1% R
8 A EATE AT 2 #HTE, B
o [FAFsh |4 N, 47 BB 0. 76Tm, /i 5 7]
6 = K 0. 693m
7 o 16 4~ A LA 1. 83Hz () 45 55 18 i
16 NJR] | EATE 4T N 2 #3455, &
g £l |58 N, AR 0. 767m, /i J5
8 = ff] % 0. 693m

i ANSYS [ /0T il A, %08 R 2R 1 B
PRSI A 5. 5 He, 17 H. 24 5 AE AR % 80 2548
AR B, JER S8 O 1) A% R 2 K B A 1. 15m
(2.3/2=1.15m) , MBFESHGTESS 1 B IR AL b i
KAEFSWRAE XS L )75 55 G5 R 146, 17 >4 N HEAE H
FEA S5 K6 3% JER B, 3% JBR B 3 7 1) DA ) 434 B Oy
0.767m(2.3/3=0.767m) , JLEFZ5 7R 1 BB
PRI P I KA RS R B L 5 s 25 A 156,

SCHR (21 198 0 99. 9% A48 e | rb i b e 5 i
GERY I A 5 4 P& 7E 139 ~2.32,1.60 ~ 2. 60,
1.59~3. 10Hz, Jf H 2 AF 5245 45 A 18 ek i it
SERET , 4 2 &7 I R R e, PR R IR
o o i B . WO R R T % R R AN R
O, AR SCHLEST NLL f,=5.5/3=1. 83Hz By rh i &
WSE S5, A K HCR 0. 693m, ELIE 45 1 W4
R KA RS IR AR AL (146 35 B 156 5 45) o AR
h T AR DL, AT AR R G BUE R M=
70kg, Xf i [ AN AR E 5k G = TOON, F FH ARG A 5K
(5) , A4S BN B NAT AT k. X AF R AT 72
ANSYS 3R | APDL 4, ¥4 5 s 4 520 % 5y
FUNBE R 2 8 A 2 1 N B -235 40 B & % B A %5 6

EZELRTHIEEM®EE *x2
TH | BEHIEN- pilIE=7 TR | VR |
i’ | ZEAFR G IR T H5 | /(m/s?) 1%
1 %5 0.050 0
= -8.
2 7 R | 1461 oy s | 78O0
3 = = 0.0350
4 B AR 146 0.032 5 7.14
5 = . = 0.669 1
. o 8 ARIMERE | 156 0.208 1 68. 90
7 % B} - 0.593 5
X o 16 AR50 156 03860 | 3480
e A o \ - AT L R
0.8F — H R AL SRS
06L m ]

b

IR BE(m/s”)
L
N

1
=
=

0.6

|
o
oo

0 2 4 6 8 10 12 14 16 18 20
I fAl/s
(a) SAFI#BEI T

08r AR A - g G iREh
i FEN-GitH RS

TN BE(m/s?)
é o =
[35] (=] (i) N

l
=
=~

=061

|
o
oo

0 2 4 6 8 10 12 14 16 18
i /s
(b) 16 NI BE T

B4 NHER SR 8l T B0 s B2 i 7 26 LA



124 e

G

o 2020 4F

Xif F A% T 00 T R4 F4 i JBR PR A T N for 4R FH R 4k
SR AL, 2 2 AT BR T AR Tz
O, A4 TR M T A% 8 A5 M4 IR 3h
i A DA (BTN S BE T 75, 5 I N -ES5 R R 5 IR B s 1 i
(R B XA AR R DN, 1 ELAE 8 A TR A 4% 3 in 28
T U/ NEIRE] 68.90% , 76 16 N [FlZEH shfingk
TR W/ ik F 34.80% . H LR ST A] LLR
H X TR T AE S TR S, %8 A-
SEFRR AV FH 5 15 X6 25 460 30 57 g 1 1) 52 i AS B &
B, YRR T 450 Bt , ABE-ZS RS Rsh
XF 25 K6 ) 1w 1 P s e SR S o BT AR EA T N
FEVEF T 25 M PR shmm L A7 B, %5 1 AR -4 A R
PR XHRE 0 A IR S 678 B HA A 50 3.
4.5 IRBNEFIE E IR AERE

] A A — S S R s o, 510 T G )23 A SR
BT EEM AR AL )(JG] 3—2010 . (BT AfTR
M5 ANATHLTE B ARFTE Y CIJ 69—95) | EPrbrfEfk
4141180 2631, (57 0% 16 245 F4 Bk 3h &7 38 B 4 AR b
YD XoF NA T R 5 JBR 19 N B 2 & 38 2 ) R 14 i
FE T ARG FRIEEK

LR AR PR VB X iR S AT 3 B A AH DG A 5
B AR SCEE KGR JAR ) A PR ATRAS /N T 3Hz, 8 ] Y U
(BB BE R AT 0. 15m /s>, LA GAE S 20 b i JBR 2 75
T FE IR ShEF 1 B EOR A AR . AR 2 AT, R RE A
TN ANALE AL B T 002 A0, oA 45 T 00 R i A 45 4
B A K A R T R B AL, LKA 45 4 i
0.05¢

0.04}+
0.03

I (m/s?)

—0.02r

BN EA(m/s?)
L
=2

—0.05

JERESE 1 B R S A5 f, = 5. SHz, J# /2 FRAE 3Hz %
SR ABSERIIAATIIRAR /N, 2 NATfr 280 H T ik 5
U BUIR Bh &7 15 B ) R, DX AR AT 0 BEAPF 55 7 SR B
A R A DA 5 T 1 it I 5 40 3 o i g A AR AR AR B o
4.6 TMD #xzhiz i

AR SCR FH BN TMD 4 ol 9% 485 1 X 435 ¥ 7 2 1
2% T 1 Jom S ) o7 1A A 4 ] L E AR hy 3 iR
I — B As . AN ANSYS i I HE 32 9 25 44 126 TR 1)
— MBS TR m = 6 644. 05kg, HUTiE b =0.02,
M58 A5 2] TMD [ 451 5% Eb 1 BHJE e 43 531 Ay
a,, =0.980 4,£, , =0.085 75, TMD {5t {1 B
BELJE 4 : m, = 132. 88kg, k,, = 152 528. 62N/m,
¢ = 122.88N * s/m.

A TR R A B 181 5~ 8 XS 4% T T 254
TEARH BN -SEF R A PR s iR 54 TMD ek R i
e VP Jom e st Al 246 B A ST 3 il R X L A T
0T A5 RS W FL p AL IR I B AN 3% 3 fim e iR 3
R, PR RS W (BT s A 22 %6 PN TMD 5, FEAN %
JENZERIRR A IR B, 45 T 00 TMD 349546 25 ¥4 (1)
A e S N T e G S o e S =B |
68.98% . {HRHIERAS TMD F5 il 5% & J5 , AHE[) 25
VERR  HE% 18 N5 F R 4 4R sl 1 15 10 1, el P 4
RIEAR G, FEETE 16 ARIEB s T T miRR
M A RF: NSV & A5 A, A
TE-S5 PRI B IR ol X 45 ¥4 19 3l 77 i 3 1) 5% i 5 R
HIN

(/s

4 6 8 10 1214 16 18 20 22 24

0 2 0 2 4 6 8 10 12 14 16 18 20 22 02 4 6 8 10 12 14 16 18 20
i fAl/s i [Al/s 5 {i) /s
() i B S R A 2% () T FEE A g £ () T ) 2
0.020 0.014F . 0.101 FTMD
oo8 0 T™MD I j:'T‘MD 0.09F — .
~ 0016 _zfiTMD ootz —®D gl HTMD
£ 0014 £ 0010t £007¢
= 0012 = = 0.06}
i 0.008
% 0.010 % g 0.05}
= 0.008 L 0.006} £ omf
0.006 = 0.004 B 003}
% 004 % - ® o0}
0.002} s L
g dh b Ao
0 2 4 6 8 10 12 14 16 0 2 4 6 8 10 12 14 0 2 4 6 8 10 12 14
$#Hz i Mz S He
(b) LSz i 2% (b) A7 lh 25 (b) fES7 1% il 2%
B 5 SmER o0 Nk B 2 K6 RSB T 00T s B e A B 7 8 N3N TO0F fins B2
KAy i 2 L B Al i 2k L KAy i 2k L



50 % 65 1401 EEBRAE. S BT AR IR AR S S i B SR B T8 RS 125
£ TR TMD BiRIER *3 U, X5 45 40 18 o 2 AR 3 I SR B — 2 P Dl B 455 it
ke | i R R IR I SO R P 94 TMD 47 )
” T T o000 Pl K TMD BB 7E SL RS (T 25 4b A% T30 F i1
HoE R e 1M e [P0 RAORAT R T E 16 AR T AT iR
2l m mema] o e | Dot ssoo B HUR T LA BT AR RCR
= . U2 N, — =1 ™ .
= Cone o H T A BE-ZE R R B — A 2 1 TR,
SoE EEEL L T MO s [P BB A REREERE FHRTAS Fa AR S0 5 1 S
o s T we | D023 Lo SREREDEMIAA EEEHE L.
JE .
. N & 0.279 5 5 = X W
5 w 2575 3 B 156 0.086 7 68.98
ol = s [w | | os | [0 ¥Rsr s , MISEET, Bel A 55 RS- L AL A
eI 0.204 6 FFRMRGTIE BEMT ()] B SZE M2, 2016,37(5) -
A mﬁ% T 16 g j?z i 63.71 138-145.
a7 FE o
o | & T [2] RRis. BRIL 324 5. 5l RSB 78 A SO
8 o mgrs| o= | D% 0403 |74 T H IR 3 47 58 B AN BT (1), B S04 4. 2015, 45( 19) -

I g m/shy

O ¢ % 10 12 0 16 1
I} /s
(o) TS P e R o
040
T FETMD
L — BTMD
~ 030F
£ 02sf H
= i
= !
?‘2020- '
= 015t i
i i
2 o.10f i
005k ﬂ‘
o BT O, T N
0 2 4 6 8 10 12 14 16
H# Mz
(b) {6 3Ly 2

8 16 N[RIAHE 5 T.00 T st B il e K A Sz 3 il £ L

5 it

(1) XA [F] T80T B9 4548 3% B 78 7% 18 5 A
% BN LSRRG W 30 1 S A 3l e 1 Y AR Ak, 45
R M TT NFESEH EAT BN, N-Z5 MR & 4
BINT A5 K4 2 706 7 1 5 e AN R AR B, {2 A
HEFEAE R F % B LB, 25 e AN BE-Z5 iR A IR 3l
55955 45 k) By g 7 0 52 L AR B e RLE L 7
VA KBS B 45 0 N S0 ¥R sl 67 38 JE B, O T BB W8 3Kk
U hAS B 09 73 Br 45 8, % I N BE-Z5 iR G Ik 30
ZOCH Y.

(2) TEAT NG AT, XY 5 4 7 A= & 3 2 1)

53-57.

[3 ] BGEnN. W14 -0 A AR AT PR sh &7 38 i T
fl SR shFE] (D], 22 JH: 22 NHE T K%, 2019.

(4] 22, BRI . N 8 1) gy ) A B A 00 #1985
IS [J]. EART R4, 2014, 47(6) - 78-87.

[5] CAPRANI C C, QU J, ZIVANOVIC S,
Quantification of human-structure interaction [J]. Matec
Web of Conferences, 2015,24: 7001-7007.

[6 ] BARKER C, MACKENZIE D. Calibration of the UK
[C ]//Proceedings of the third
International Conference on Footbridge. Porto, 2008.

L7 ) i, XUE s, Flikg, 5. 2% 84T N5 A HAE

FH DR B AT SR R AR AR IR s 5T (0] 304
¥4k, 2018, 39( 1) : 99-08.
[8] DA SILVAi F T, BRITO H M B F, PIMENTEL R L.

et al.

Nationnal  Annex

Modeling of crowd load in vertical direction using
biodynamic model for pedestrians crossing footbridges [J].
Canadian Journal of Civil Engineering, 2013, 40( 12):
1196-1204.

[9] CUNHA A, CAETANO E, RIBEIRO P, et al.
Pedestrian-structure interaction in the vertical direction:
coupled oscillatorforce model for vibration serviceability
assessment [ C ] //Proceedings of the 9th International
Conference on Structural Dynamics. Porto, 2014.

(101 ZRnush, f2TE, BB, 5. 5T ARE-45 & 1F
FVH A8 1B B S A iR Sl B A Al R4l [T,
THES2%, 2018,35(S1) : 46-52.

[11] DA SILVA F T, PIMENTEL R L. Biodynamic walking
model for vibration serviceability of footbridges in vertical
direction [C ] //EURODYN 2011 Proceedings of the 8th

International Conference on Structural Dynamics. Leuven,

2011: 1090-1096.
( T 109 )



5 50 % 5 14 1] TRIGERT, 2. MEZRAZC T AE RERBIR S5 A4 ML AR S R 0B 109

=

7 71 %A VA A A VA VAVATA VA T U L e e e

AR W W G
AFAATL PATPANFARYL,

AL B LB LA

VAVAVAWA WA, AW

NP
VA

Ta TN

Caarien
L LA

;év

23

AVAVAVAVAYA

AT AT AP.A P AV APATAFA VA VAT T a\F e
4 VAT AT AT LT AW,

AVAVAVAVAVAVAVAVAVA!
VAT U Py 4 s T T

B A

Color Group for Usage Ratios
@1 2 C3I C4 C5

Min. Ratio = WFS—FFF—F

Color Group for Usage Ratios
@ S22 03 C4 8

HmHMerFF

(a) FH 4 (b) S 42

13 By i By DI R BRI AR A 25 4]

Z5FERE (0 0 4R T e e 4 L, A H AL G e 2 -
oL a5 B EE S SRR R /),
PRI T 2 AR PR N A R A 104

AL AR, LS A A [nl ih 26 UL ifg , A
RO IEFE T HIRE R I, X AL B T AR G 1 Dol R 4
R o
4 FRREWY

(1) LT GEHEZRAZ O AT 45, B P AR 2 A%
O RIFERERBIR S A4 REA R Bl R B, FEIRHE =
5577 /A MR 1 (R IR EE) L FRBL R
75 PR ERE -

(12) B RUEZR A% fR FERERBIR 5 F 1A 22 v A9 B
JERRTHAE 7R AR S A B 4540 1Y RE 1, HL45H 1Y)
MR AR I AR Y BE S o A A BE Y L

R TR XK R KR T & T
HAT B AR 2R

(3) ARSCH A v, i BUAE 28 A% 0 frT FEREABIR 45
A Z R T BHJE AR M AR Y AE B 24 2 R U BH JE e i
(9 2. 4 45 HAEHAR B E L2 R 17%

(4) B BRI R 0 A 45 SR A OB BUAHE 2K~
RoU TRAERERBIRAS # th T B e 4% = S FERE, fi i 1
TR A% L, AL T e S A O R 45, O
TGRS S RERE AR B /N, 3P T 24
TR PFAERRE T AN KA o

ARTOAR NS BELJE AP RE il T2 07 X 2 vk
FY VR SE , A28 & AE I I o X A O 7= i b AT %
FRBIESE o HEZLAZ O S A — B T e R 3T, i
AR T HRR LA A AR XU A
I, T DRI 4 1) 75 T X T B AE 2RO AT RE RE
HRESHGIT IR ABT T o

z £ x Wt

[1] WESTERMO B. The dynamics of inter-structural
prevent pounding [ ] ].
Engineering and Structural Dynamics, 1989, 18: 687-699.

[2 ] KLEIN R E, CUSANO C, STUKEL J. Investigation of a

connection  to Earthquake

method to stabilize wind induced oscillations in large
structures [J ]. Mechanical Engineering, 1973, 95( 2):
53-53.

[ 3 ] KUNIEDA M. Earthquake prevent design and earthquake
proof design for structures [J]. Journal of the Japan
Society of Mechanical Engineers, 1976, 79( 689) : 86-91.

L4 ] XM ARIF, X005 , 55, Perform—3D 7 47 5% 398 1k 73
Hr SR PERE VPG s B (M. Je st o 5 T
b H A, 2014,

( _E45 125 )

[12] RACIC V, PAVIC A, BROWNJOHN J M W.
Experimental identification and analytical modelling of
human walking forces: literature review [J]. Journal of
Sound and Vibration, 2009, 326( 1) : 1-49.

(3] st VAR AA TR ABARE R oE (D] 1l
[ 55 K2, 2006.

(14] KB, REMRYE, AHTIN, 5. B TA7 A3 ) ALY
N3 A AR (D], BRI 2:4, 2017,40
(4) :93-00.

(15] 208 B T, NAT /e TR RS i 28838
PR ETRT 1] dRas £z, 2010, 31(9) :
42-49.

[16] ZHENG X, BROWNJOHN J M W. Modeling and
simulation of human-loor system under vertical vibration
[C]//SPIE"s 8th Annual International Symposium on

California, 2001:

Smart Structures and Materials.

513-520.

[17] JI'T, ELLIS B R. Floor vibration induced by dance-type
loads: verification [J]. Structural Engineer, 1994, 3
(45) :45-50.

(18] JI, T, ELLIS B R. Human-structure interaction in vertical
vibrations [J]. Structures & Buildings, 1997, 122( 1) :
19.

(19] 3kBE, BRUL, Fhkud, 55, 3T AMSh 2 BRIk
PRBNEFE B S Hods dl A 5T (D], By 9k T8 2440,
2018, 38( 1) : 153-160.

[20] TUBINO F, PICCARDO G. Tuned mass damper
optimization for the mitigation of human-induced
vibrations of pedestrian bridges [J]. Meccanica, 2015,
50( 3) : 809-824.

(21] i, 2252 55 bhokide , 3 AR AT A8 A AR IR
ShEFE E EEALIEAL [J]. T8 J1%, 2016, 33( 10) :
97-104.



