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THE RESEARCH OF TIME-HISTORY RESPONSE ANALYSIS OF FOOTBRIDGE
VIBRATION BASED ON STIMULATION OF GROUP WALKING

Cai Jingmin'  Chen Xuewei®
(1. Guangdong Mingdu Architecture and Design Company, Guangzhou 510000, China;
2. School of Civil Engineering and Transportation, South China University of Technology, Guangzhou 510640, China)

ABSTRACT : Occupant comfort when footbridge systems are subjected to crowd-induced vibrations has become an
important index to evaluate serviceability of structures. Control of static deflections stipulated in current code cannot
sufficiently represent the serviceability requirements of long-span systems. Harmonic vibration analysis procedure is
introduced by foreign code requirements to deal with floor vibrations, with the restriction to those with regular
shapes and simple boundary conditions. This paper proposes a time-history analysis program based on load induced
by human activities and the stimulation of group walking. Footbridge systems with special boundary condition, span
and damping are analyzed by time-history method. Compared with the results of crowd-induced load experiment, the
analytical results confirmed the accuracy of this analysis procedure in representing the characteristic of crowd-induced
floor vibrations, which is applicable for evaluation of floor systems with arbitrary shape and boundary condition.

KEY WORDS: passenger footbridge; crowd-induced load; group walking stimulation; time-history analysis

s {Design Guide on the Vibration of Floors)!* ;
\ o SCI {Design Guide on the Vibration of
Floors in Hospitals)™ ; (AISC)
o ’ {Floor Vibration due to Human Activity )
’ { National Building Code of
, . Canada)"; .
1 b
Chen'  Pavict! ,
, { Critical Review of
Guidelines for Checking Vibration Serviceability of
Post-Tensioned Concrete Floors)™ ; Email;cmé989@qq. Cc’nljgl !
(SCD (CIRIA) :2009 - 02 - 26

16 2009 24 {520



F(#) /P P

b

o

Fit)
2 =
g r
. 0
N N 9
, 1.7~ 3.2 Hz, Buchman
Ammann"”’ 3 FVAP
> 1 o
. 1:2 F |2 -
o 1ot ok , .
=~ 08) el
a (.8
i 06} E o ; N N (
o 0 H o4l )
0.2 02 N N °
00 00T020701 05 0607 00,01 02 03 04 05 ’
. 4 050607 0809 0001 02 03 04 0506
B ] /s Hitfa) /s 3 ,
a b D
1.6 3.0 i h '
14 l .
E 1.2 ﬁh 72) ’
& 10} ~20r :3) (700+145) N,
08 FTsr
iE 6 L
e o o s
ey Lost .
2 LN FVAP(Floor Vibra-
0050701 02 03 04 0506 o 006 010015 020 025 030 . .
Wi /s i /s tion Analysis Program) ,
c d
b o
a— (f, = 1.7 Ho)sb— (f, = 2.0 Ho)s 5
c— (fy = 2.3 Hsd—  (f, = 3.2 Ho ’ ’
1 N °
[8] 4 .
, 1 o
1 ~
/(mes 1) /m /Hz
1. 10 0. 60 1.70
1. 50 0.75 2.00
2. 20 1. 00 2. 30
3. 30 1. 30 2.50
’ ’ 3 FVAP
b
4 o
, 0,
(D A
b b
F(t) = k,Psin(xf,0) t<t,
‘ ‘ " (1)  SAP 2000,ETABS,MIDAS ,
F@) =0 t, <<t<<T,
H Tp ;fp ;tp
sk, ok, =

Steel Constraction.

24l oNGI RS k7



|

a—T1=0.302 s;b—T>=0.240 s;c—T3=0.238 s

6
| 4.2
FVAP
s . 1
o 60 s,
120 s, 0.1 s, 1,15,30,60
4 R 7
* M. .
.
4.1
(9] 0 i AT - i
: v . RIS D ]
16.32,19. 83 m, 16 mm
’ wo-UB
o 3.5 kN/m?*
L/503, L . EEaESy
‘ 2440 ;
| —323-24.1-159-78 04 86 168 250332414 49.657.7 659 740
| 7 kN « m
|
A 914 1|_ 914 + ’
5 SAP 2000 , 60
SAP 2000 8 .
, 0_35 U Bt . ¥ T
6 . ( Z 0.25
750 mm), o g 015}
6 i
° ® oost
Si.e0p = 3.2 Hz,
fl,calu =3.3 HZ’ _0-05” ﬁ}} IE:U 180
. Biffia] /s
, , i 8 430¢( N =60)

@g1994-2009 China Academic Journal Electronic Publishing House. All rightsgserved.  httgy//www.epki.net



4.3 4 [9]
Newmark s , 10 .
a=0.5.=0.25; s 10 i
0.02; 0.1 s,
1 200, . i
; 448, .
10, 420; CPU Inter
0.7
(R) Pentium(R)1.50 GHz, 760 MB, o
82 s, So0s
E
= 04
° 2o
4.4 g b
=
1,15,30,60 4 o 01
o 4 D 20 40 600
9 o NIA
1— 22—
010 —
L 10
- 005t
E
w000 4.5
% —0.05 (ISO)
FS G ‘ (Heel-Drop Load) ,
0 10 80 120 (Baseline)™
Y] /s
a o
2, 10, 30, 100,
; 11 .
?ﬂ 25.00
= e . 10.00
0 10 a0 120 i
ERA L
i (a] /s =
b = 250
- i)
% ® 10
-?’ E (.50
f
2 0.25 /
g ) = 010 /
% w # b T~ shms| 7|
HfTa) s 0.05 ;
- | 3 45 8 10 25 40
HEE [Hz
0y
s 11 1SO 2631—2 : 1989
é 0.3
w00
*—3 =3 10 ’ ’
F 06 N
e =35 ) 0 120 GB’ 50009 — 2001 ( °
I /s
d 3.5 kN/m?, 0.5,
_ 2 _
a—N=1;b—N=15;c— N=30;d— N=60 8.5X0.5=1.75 kN/m’, 1.75/0.7
2.333  /m® R 87.11 m?*,

9 4
N=287.11X2.333=203,

Steel Constraction. 2008 (7945VELI24,0NGI 422

19



2 Hz, 0.75 m,

b o
0.75
35.7 m, 39. 7/7223.8 S, ’
N 210, 25 s,
10 12
o 1. 406 1’1"1/S2 . [1] Pavic A, Reynolds P, Waldron P. Critical Review of Guide-
12 1SO 2631 — lines for Checking Vibration Serviceability of Post-Tensioned
9 11 Concrete Floors [J]. Cement and Concrete Composites, 2001,
’ ° 23(3):21 - 31.
’ [2] Wyatt T A. Design Guide on the Vibration of Floors[R]. A
’ o Steel Construction Institute, 1989.
[3] Hicks S J, Devine P ]J. Design Guide on the Vibration of
T Floors in Hospital[S]. The Steel Construction Institute,2004.
g [4] Murray T M, Allen D E, Ungar E E. Steel Design Guide Se-
l;{\ ries 11;Floor Vibration due to Human Activityl M]. AISC and
g CISC,1997.
é [5] National Research Council of Canada. The Supplement to the
National Building Code of Canada[ S]. Ottawa, 1995.
SRR . [6] Chen Y. Finite Element Analysis for Walking Vibration Prob-
[ N8 s = FH
! lem for Composite Precast Building Floors Using ADINA:
12 Modeling, Simulation, and Comparison [ J]. Computer and
Structures, 1999, 72(4):109 - 126.
achmann. ase Studies 0O tructures wit an-lnduce 1-
5 [7] Bach Case Studies of S ith Man-Induced Vi
. bration[J]. Journal of Structural Engineering, 1992, 110(2):
401 - 418.
b
[8] J G SdaSilva, PCG da S Vellasco, S A L de Andrade. An E-
° valuation of the Dynamical Performance of Composite Slabs
’ ° [J]. Computers and Structures, 2003,81:1905 - 1913.
s [9] Sarah E Mouring. Bruce R Ellingwood. Guidelines to Mini-
mize Floor Vibration from Building Occupants[ J]. Journal of
Structural Engineering,1994,120:507 - 526.
’ [10] GB50011—2001 [s].
o b
( 46 )
w1000 g +1.000 6
éll,ll’l? b %Il..llh .
ﬁllljll“ ‘ -:. 000 Y Y
i
Eﬂi
b
i
if
8
i [1] CECS 188 : 2005 [s].
il [2] JGJ 3—2002 [s].
[3] GB50011—2001 [s].
a— ;b* [4] .
7 [R]. ( )
El Centro ( »2007.
5 GB 50010—2002 ST
208.8 cm/s”) ., “ ” . ol 5]
20 2008 ¥ 2l 192



