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Annoyance rate analysis of vibration comfort of “Building-Bridge Integration”
station hall structure
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Abstract: To study the comfort of “Building-Bridge Integration” station hall structure under various dynamic loads
and the applicability of the existing vibration norms, a large passenger railway station was tested under pedestrian
load and transit train load, meanwhile field investigation were implemented to study crowd disturbance response
under the vibration level. This paper established comfort quantitative indicators, which is suitable to evaluate the
annoyance rate of “Building-Bridge Integration” structure, based on different load styles and structure spans, used
the existed annoyance rate model considering the fuzziness and randomness. Results indicate that partial region
vibration level is under perception value, practical annoyance rate is 2% ; partial region vibration intensity exceeds
70 dB, theory annoyance rate is 50% , but practical annoyance rate is 2%, traditional comfort evaluation standard
can’t accurately evaluate this structure type. Annoyance rate model can quantify annoyance rate under any vibration
intensity, the vibration limit is between 75-90 dB, the result based on measured data is consistent with ISO
standard in vibration response description, which make up deficiency of present comfort standard about long span
“Building-Bridge Integration”.

Keywords: large-span station hall ; comfort; annoyance rate; tolerate limit of vibration; pedestrian load; vehicle load

i BT RN A B P Lk 1 ST AL, B A ES AR S B s TR SR AL GE TS BT
R BB IR SR T R o — g IR R S HERIET RS " A5 R AT IE PR E AN .
BEESFAR L, BT R IRk L2 ) 1828 4P [ + A T # Hp£3 1) Tomas Tredgold 4§
BEAN X B 5 05 3hom 107 B 8 (e . ABE Bk AR SRR B T B AN T R SR e
RIS SRR ERIE T, 45K gh Sy i i &0 SCHR[4 ]8I 5286 S W58 AR 5 RS 1 R sl Y 0L
7, B T AT IR BEAR S ARE. SCRR [ 5] 45 Hh H A SR
TR AL T B ] 20 o e 1 9 DR UIE S5 R Bk 3 i 7

B 2015-04-03

HELWE . [15 [ AREIE S 17454 (51422801 5 &R H 1S0 263172 .BS 6472 5 GB 10070—88 %5
1B B HEABHIT AL 5 9 300 42 (2012JBMO07) TSR 1% AT ERIE B AR )
IR 1 PB4 B LB ( 51275049) Frifits R BE%J&J?JH@@%&H%@@WF 5 Ry

BB B WB(1974—) % 2087 W14 S0 U T RRZE A A N BE TR AR AR A A v B FR A, 158 35 2

BIEMEE: % W, nyang@ bjtu.edu.cn ﬁﬁg%j‘zirﬁk[ 10-11 ] %?‘E‘Iﬂ%iﬂ%ﬁfﬂ@j



5 6 1]

Wk, 4. Bt — W) T A IR S BT 3 BEAUN A A - 131 -

TR AR 2 T8 TN SN T A R A
SXHIRSRIFIESZ (BEPLIE , RERE 2 PP 25 MR Bl
5 | L AR . SR [ 1213 149591 5% R 0 i S5 A 7 41
XEAATHR SR BT i VA T AR B REAl. SR 10T, X T
ANk 7 12 0l S D BRSO N 2 A B I SR A5 F 1Y
E BRI PP AT TSR D.

RSB R TY BRI B w EA T A 5551 4 2
NGB, R T e A IR I8
BN IR 5E LS A GORE, 1 iR % iR 3 i
FCRLIABE, ARAT T IZAR 58 BE T B9 52 BRI R 52
BAETTRL, 455 B A U R TR R MR bt sr
7 e R T 45 4 B T A 4R 3l AR R BRAE, T
AR PP RE DI Tk A< h 2, S B4 T &7 1
FEPEN AR AR X EEAIE X T D REARAH L A 7T 2
==

1 &3 B 2847 5 A R

B3 SRS N AE 2 At 1] P92 AN B 5 )
AOPRB Y G0 R R HLAR B R AR B
AR R ANETIL S — R B R B 2 T A T A,
KA A 5250 AR IR 20 S 32 LA iR 5 4R 3
SR T OCFR AT B TP DAR Sl R A5 AR
A I A 4 VBT, — B feft Y 06 {1 s 2 R 34 7 AR o 3k
FEVE R PEA AR, 2 e RIEOR T 9 B R T e K Ik
BIRNE MTVV Ficshiil = VDV 3F-4r.

PIr AN MTVV 5 VDV & SUH .

1

o=l g [awal, (1)
MTVV = max[{ql_ fo [a. (1) ] Zdt} ZJ (2)
VDV = U: [a, (1) 1"dr] ‘. (3)

KA. T NIRNGE SRR K, s 1 HiB 177
RSP, U1 s, a, (o) A3 5 4905 i A o
w () VUG IR EIE S I B, m/s”.
AN 7] B AT 3 B A R AN [FIPE A 4 b, 3843
BhRZ [ AT A E G 46, 36 1 45 4% TR IR sh s o B %o
IO 385 FE PR H .
TR A AR A Z 90 (dB) VE I iF 4645 .
VL, = 20 log(a, /a,) , (4)
K VL, R Z WD, a, MBS 5 RN BE , a, b 3
YN 1SO 2631 AL E HUE 107 m/s”.
1 G0 6738 FE VA B KR 35 BT R B 15 5
ARSI RAR R HE AR B, 25 VA HR R (e R
PRI RR A, BB IZ A 3 BT il 2 A 1 R R L E

REAR B B3 B0 ANETIE” Tl A RS BOR 5 A 2
ZORAEERESE.
R1 HFEERE ST

Tab.1 Comfortable standard and evaluation index

E73E B bR W FE bR
[ prbm AL 4H 21 (1S0 2631-2,2003) Y iR (a,,)
B E bR EY 2 (BSI 6841,1987) B R InsE (a,)
2 [EBRifE (ANSIS 329) ¥R (a,,)
S HPEE P2 (AISC,1997) W {1 ok
th [E 477 (GB 10070-88) LRI (VL)
H A b (R BIPR LY ) Z YR (VL)

2 BhEEABA G T E %

F—RBVET, 7 A U s i SRS 4k 3 A
AIEERZ I NEC Se vt S B0 B3] B A J9 s . Jai
10 FEASRY DL S EEPPAN AR RN PPN 5 12 S s SRl A
WA, JLHRIS SR Ay O B B2 (0 5 5 A B | 45
Griz HIBOIEC7 I B 5 ME R Ge 1t DS &7 3 B Ar e
FUE 1 FRAEAE — 2 K P 2 AR a0, 25 H R 2
KOV FAVFRRAE BT, 738 Br A AR A i 8l A7)
ez, SLRn s SRR iR B sz BAT B HLPE H 3
W e ELAT AR 1 | R4S 25 M IR S KSR T 25 PR
1B MRIRAFAE— T3 N IR B AN ] 237

SCHR[ 157 76 A i 2h 3 sk a2 B 3 22 Sty
HEAT T SEB %5, A AR ISR 1 m/s? 0
R 16 Hz MRENE S1E NS EAE S, RN
4 HzM RN 51E R L35 5 B A B o L A %
() RMS , 4R BN 43T 16 Hz 55 i PR, 10 5%
RGeS 1 RMS, H Ry i 2 Pk 4 A, m LA
XPROER AR AR IR (5)  F B3k
[ 1546t “ Griffin 15 2 #9428 5 R ECH 0.3, Magid TA
J9HAE A 0.1, 1 Forthergill T A &y 42 0.57. 3Ciik
(418G T 3 M RECF B ih &, K AE R &
B 25 L 15 1 ] 22

flxluw)= ! exp[_ (Intw) ~ ) j ,

2
TUo 20

(5)
. 1
JJ?(EP 0'2:111<1+62) 7Mln(u):1n(x>_?a-2 /E\:EF' x\aﬁ

BN w BT ERAE RS S R B (5) P B SR,
TENHEE « BIPRSIEFIT | th T AMRERSZ 25 54
AR NIESZ FEA IR, AT PRI A2 12—
HEEAR T w BOUR SRR HT, 1 208852 1) 10303
IR R (R B A ST AT SR 0 — A 2
T x WA . 25 i 2 B2 (4 B AL A A0 L) ey
OB I ARG (5) 40 AR B JEE « I Y 32 252
I S W



. 132 . MoK O T

K % % 549 3

A(x) = fmf(x | w)v(u) du =

(— (In(w/x) +0507) *
CXp 20-2

= 1

] v(uw) du.

tin /20T OU

(6)

Arow(u) AR B R, IR OB 2 T

1 Fechner £, 40X (7) Fi7s, u,,, WA IR S0 T BR

18w, EVHRSN FIRIE o b HTFE B, T R 52
SR BT AR 3.

07 u < Upin 3
U(u) = aln(u) + b’ u’min Su s umax; (7)
1 ’ u > u’max‘

3 B A SR B AT E I

“EMR A A R AR T RS R, [ R
FAR, 5 AATICRBAER S0 K AR S
5 RS HE) PR Bl 10 5 SRS ) G A 4 R 1R 45 R i
B (AR 3 BB % vh e VR A SC LA
FEA RN« BB 5 — 25 A 2R 10 R TR K I8 2%
RWFFERT G AT T NSRS AR Sl S, RO A
JTAENREAT 2T B3R 3 00 157 5 45 44 A5 4 Tt Jin 471 4= A
TR 1530 T8 R By A AR OC
VA ST ARSI DAL A

XoF P A r 28 T 1) 485 48 T 3 FE AT VA, 2 IR
TS PRAE L3R 2, NHE AT 40T 145 14 4 3 1 4% 4
BIAY 7 $R A8 b, 2 B [ R0 B AR BT 3 B
Y ZEAE T AU IS B, % L IS0 532 E AL,
UL 1~4.

®2 IFMRAERRE

Tab.2 Evaluation standards and limits

WESTR S EINGT T bR PRBIRRAH
GB 10070-88  TAkEEHIX L Z k% dB 75
(IRREE)  aHpgscE HAL Z 474/ dB 70
IS0 2631-1,1997  JEHIMIME WM/ (m - s72) 1.5x107

AISC, 1997 2 VAT EENEE/ (m - s72) 5.0x1072
80
Ty LRp=ul
MR -
o~ o3
o T0F HAZE, e 8 il 6
§ 3 o * * ] L O(IJ-"J‘E\7
% 651 ¢ . . . - : OIWJJ)#‘S
* 9 ° L4 hd
60Fe @
55— —
1 2 3 5.6 7 8 9 10
T

Fig.1

E1 AB&EHEZIRESHRER

Human-induced vibration of Z andstandard limit

K al CRRUA

« T3
‘ T4
oTHS

*

De %

E

=

i i
=R LT
=

=

p

&

» o
| qaa B89g gglgex

0 2 4 6 8 10 12 14
R,

2 B XEBIEEMNEESRERE

Fig.2 B vehicle-induced peak acceleration and standard limit
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Fig.4 C vehicle-induced peak acceleration and standard limit
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Tab.5 Permissible lower limit and vibration limits of “Building-
Bridge integration”
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Tab.6  Annoyance rate curve calculation results of “Building-

Bridge Integration” structure
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