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Vibration comfort analysis and control of large-span steel corridor
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(1. School of Civil Engineering and Architecture, Xi’an University of Technology, Xi’an 710048, China;
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Abstract: Aiming at the vibration comfort of the 45 m long-span steel truss corridor, a structural
finite element model is established. Compared with commonly used comfort standards at home and
abroad, AISC-11 is selected as a representative considering vibration at the same time. Evaluation
on the intensity and vibration environment standards, and selection of various unfavorable condi-
tions that may occur during normal use are made to perform acceleration response analysis in the
time domain and frequency domain. At the same time, the parameters for floor thickness, bound-
ary conditions and human dynamic characteristics affecting the comfort of large-span structures
are analyzed. The results show that the thickness of the floor slab can effectively improve the
comfort of the long-span structure, that the boundary conditions of the floor slab have little
effect, and that the human damping characteristics can absorb the vibration energy of the struc-
ture and reduce the vibration acceleration of the structure. If human actions are not considered,
the result will be conservative. The performing vibration reduction control analysis of corridors
do not meet comfort standards. Tuned mass damper (TMD) can effectively reduce human-in-
duced structural vibration response. The larger the TMD mass ratio, the better the damping
effect. When the mass ratio is 0. 22% , the damping efficiency can reach 64 % ; the multi-frequen-
cy TMD can expand the damping frequency band range and make it stronger. When the mass rati-
0is 0.64%, the damping rate can be further increased by 15%.

Key words: large-span steel structure; human-induced vibration; pedestrian load; comfort; hu-

man-structure interaction; tuned mass damper

Wi B HI: 2020-04-04; MK HR B 2020-09-10

] & H Rt 4k : https://kns. enki. net/kems/detail/61. 1294. n. 20200908. 1848. 002. html

EEWH: R AKBEIEE R H (51978571,51722907) ; Be V444 # & T 5 45 S0 00 = AL 0F 78 1 R ¥ Bh 100 H (18]S072) 5
B2 76 48 BHH T B SRR A SRR 5T 3 % B I B (2018]M5006) ;48— B Bl B9 115 ¢ Bh 0 B (e Ak 16-59-01)

E— 1 B W R T T O S KR BTRE . E-mail: ghe-1209@163. com

BEEE: THEE B W4 8032 0058 0 m AR B B 2R i HLEE . E-mail: 854244066 (@qg. com



270 VG223 TR 222447 (2021 45 37 45 2 1)

Wit TR R R AT 1 A R TRk B 2 Y
R FE 5 K 1220 5 ey 3 5 A A e m) 9 A A T
BRI /N B SR . A A5 R i Pk B an ok
BT e AT LA B R Al R (H L3 Ot
fE 8 R AAT A7 BN T B IR B 800; L AR AT AT g ik
AN B T AR BRARZS ISR . BE XS 25 0 Bk 3 Y
T PR R) A, 3 [ AE OC A o AT 4 R A A T
Peo fhn, AR T AT RS AT M GE B R
) R AR S5 R 0 PR ATR R AT 4 L R
— B A IRACR I 7E 3 Hz DAL, 8 F A A28 17 450
(1.2~2.8 Ho) N A BN =R S5 R B, —
JEOR T A RN 5T R oA B S R A R — B S
e h 5 g AR Y . 1% 0 ik AR N R R H
DI Ry B bR T 0 25 48 BT R 28 T 1k 5 T AT A 3 B
TR, 55— 77 1 R 4548 B R ME KT 3
Hz, 4 JCAE 200 2 55 20 051 (%) n A% AH 55 Bt A3 7T B
51 LR o DA T AN Tl A2 BT A M Y oK . ik A
FRIE ARG 45 40 1E 8 1 FH B TR) i A AT 3800l ot 2
R AN B BN BT Ak A ) 26 55 5 X /8% 52 IR 3
8 1] 1 AN [

B A A 2 28 0 N AT B B0 N B0 3 K HC et A O 12
AT TR & HESE. IS BT & B JE 4% (Turned
Mass Damper, TMD) 1y — /> 7K 4 ¢ % %< 75 18 [
IS R b A /0 s G 4 S B S TMID I8 g
FORTE @S AT B 7 SEBR A L 40, 548 101 K
JEAE 87~92 JZ R T Hik 660 t [y = Id i i
HBHJE A% ok W0 R A5 0 TR KU fr 21 T RY 43
B AR R RE IR F] 6020, TN HE A A b A
APAHEIL 1500 t BYIE B KAR Y3845 SR T
T 0 L SR I 3l o oK A AT DA ) 7% 3 o G T R B
MRS, Xu Ml Igusa™ B % MTMD (Multiple
Turned Mass Dampers) i F] T 88 A B B K & DL
/U bR FE A BEBILIR 7 AR B 2R R R B R TR R
LMoy MTMD BUE . 5= E AR T MT-
MD #g IR BT . 25445 0 MTMD Ji
ORI B L PR R E SRS T S RS
773, 3 T A7 8 J7 i K & $4 (Displacement Dy-
namic Amplification Factor, DDMF) F1 )i 3# £ 3l 77
J K Z B (Acceleration Dynamic Amplification
Factor, ADMF) , ¥4l 1 5 FldH & F (9 04 M e 22
St AT NI EE A RELJE AR TR L BT 5O [ B ) MTMD
A A A M H B A I D7 TR AR A AR A
AR SO A 7 R L ORI 3 JBR A L H A v AT e B Y
A5 Rl AT I A7 48 O 0 PR AE T R B O JRR 1Y) A%
] RIS X L P s T S 6 5 ) 3 JRR BT 3 B Y L

ANEBENR AT T 2800 800 Ik 3h i oK )
PEAT TR B .

1 TEHR

B v vl B o83 00 H R B — W8 o K Rl PR
F T AL 2% A BIR A F A 50 R 9K TE — % M R
e HR A DGR 1) SR X % 3R AT AT AR
LR T 3 AR E R T RIE R S RE A i
S AT o A I SO S R ke R DL 1, i
JER 5 BEGNT] 45 mu R[] 9. 5 m, R NHTAREE B 0. 7
Lk HETT 1) b b — A FE AT R — A XUZE AT
2P UZMTAR B B bR R 14~22 m, R MTAR I B
PRf N 5~10 m. 4 T I HIZRAEMRRAE T R 8932 77
SRR A i B8 — i B[] T 20 14 3 4208 30 MR A
Fe RV M A 5 B AR . 38 JBE T  RE OR L MIBRE /DN  F AR
W AR SRR A TR AT T 2D T AR 5 K e
T L [ A A B AT TR T

45 mKEEFEMT IR «—

(a) =4k

W (i) 77 2 3 JE
HFAETFAL 1500 3500 3500 3500 _ 3500 3500
22,000

—_— \', — = T )
18000, \}fﬁ;‘ |R 4N A| N\ \ /\ ‘ 7’/ s s
E y M4 bt

w NDN/DNVIN/NY/

DEGS

3200 3250

,,,,,,,,,,,,,,,

() (AL : mm)
B 1 KB % AR 2 K
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Tab. 3 Structural acceleration response

peak under various working conditions

2 BT S5 H s BE ma LW (A /(mos s7%)

o )2
1 2 3 4 5 6 7

0 0.095 0.140 0.420 0.141 0.011 0.092 1.280
Wz 0.064 0.076 0.147 0.133 0.071 0.074 0.107

6 FEEZMEERSH

6.1 HIWEERNF M
S A8 R R B AR g N BT R VR T R

VI BB AR AR NI EE . Ok T RIS AR JRE SR 6 2 R R
S A B M A 43 % B 80 mm F] 180 mm J&
(R AR HE AT 5317 J\ﬁﬁéﬂxéﬁ}\ﬁiﬁﬁ,%ﬁiﬁﬁl
SRR 1/ 2, FEXE S5 R 1 AR A K B Y 5 T
UL 6, I 6 a] & B 75 AR R 2 K i A e,
SEAAE AR N 3. 09 Hz 78] 3. 12 Hz, i A5 4k
M 4.89 Hz T+ 4. 98 Hz, A RAF LA /N L 1M £ B M
42.5 mm B2 38. 5 mm. 484k 8K 15 B A JE 5
AT LARR Sy S 2 B A AR ZE R W AR S S
{18y DO 2 R B 4 A A G o O A AR [ B ot 4

KRR AR . NE 6 hid n] LUK B, Bl
M JBE JEE ) S8 T 45 K 3855 e o st S B S R M U0 L U0
) 348 DR TR R 0 1) 445 A4 g 8% e o R L (HLX K
5 3 45 ) R 10 AR SR K T S RE Tl L AT R
T BRI 103

—e— [ HyRAE
—a— U nade

5.0F 104 ~
5 5
5L 4.5 lo3 €
Liil:?\,

SIS —.—

B
3.0F 102 =
25 . L . . L L 0.1

80 100 120 140 160 180

B J&E/mm
6 2R AR AT = KT BE i 5 AR R ) O R il 2R

Fig. 6 Relationshipbetween structure vibration frequency

and acceleration vs thickness of slab

6.2 RIS K HHIR
WA R AR N N R 2 — . — o
Oy 18] 32 55 1 32 AR 3 A AR R X FE [ 524 g 52

Bﬁﬁ‘%ﬁ??’eﬁé’mﬂﬁﬁﬂl’]f“%ﬂm K7, R
FEAAEN IR EIEE 0. 41 m/s” . f] 32 Y I

7][11%527{7 0.39 m/s* s Nz Al LU Y fe KO 4 J3
W 737 ‘. T ¢ ] 5 A — B30 0 2 DA I 3] 17 vl [ 2 25

BEHR . UL IR ARG S 2 A1 ) 72 Al X 45 K 7 A M B2 52
Wi 271N & ot 6 2 A B T AN K

04 ©

52 03 3

= 02 <

i 4 =

4; 0.1 =)

|~ 5 15 20 25 30 35 40 45 0 =
I\ [H] 5 FE /m

(a) IzEL?E# ﬁE

5 10 15 20 25 30 35 40 15
217 5 B /m
(b) W] IL 41

B 7 NIRRT B =
Fig. 7 Floor acceleration nephogram under

different boundary conditions

ZF i M HIR B 5 i R SRR I Y B i)
U2, %t T K i 0 A7 2 oo JRR 3k o 285 449 o 0k, 78
SERIE 303 AR A DL T L N B T B R U i
BT (1 7 Xk i 3
6.3 AMEMRISHENE M

EERO e LN (I ol EEE’JJ\ﬁAXﬂ‘éﬁ’AJE@ﬁJ
WIEER CRaa s - A NP NP A B BUR AW o =R i
AT B O B PR 454 R LR B s . ek s
Brownjohn Fll Zheng"'" ¥& 3 47 8 % A W W 5T J5 &
B ARB L 0 AT A A Bl R e R 1 i i T K
TR M.

TFF 95 N F T 45 A4 31 20 5 1 10 5 i 7 Bk R —
A AE 1 N A A ) 8 71 2 240, Coermann™™ i
F 1962 4E AT T AR S J7 Rk R 56 L A5 A
ISR R A 5.0 Hz, BHLJE oA 32% RO 4548, J7 ok
Brownjohn"*"' 4§ i 47 i 22 YA 50 A5 T 3T LY
G536, A SCEE Y 1SO-59821% bRl v B 45 T 4% 2%
B FT R 45 X Tk S A G B ol 379,
B3R K 5.0 Hz, AR M B JE He W m] DI 8 A RS
Wi BHLJE FR L

8 S R 45 K4 v, AT N R e TR U 4 A T R T
A RO A0 A VA TAE R E KA A%
Ty LB, P R — Ak R R O i —
S B B 3 A 6 T R 0 AN [R) 07 B A B0l N 4L R
FH AR IR LT3 45 ¥ 0 BELJE B 5 1% 3k {9 R A5
R 55 Gy [ A A A S LA 7 A IR e R 30 3o A
F 0 8% 0L AR Bt 0 057 % 1 A~ 2 B0 AT AL 25 Y
BB L 255 W3 4. MR 4 nl A BES B35 1 K
SEF A BELIE S AS TR A7 N #4531 1) 45 449 BEL e



SR A K A

JRR 5% 3 JEE 53 BT K v A 47 il 275

P22 BIAR /N e R A 22 200 . R WKE AT N L4l =X
i IR L RS i A AT L A K i R A AR HoAT LA
GEIE SR LR UE
F4 AREATRIBATT T 45 R e L
Tab. 4 Damping ratio of structure by people’s

different simulation methods

A A AE EE/m HEK T

90 4 1.5  0.031 66 90 4~ H M JiE
60 6 2.25  0.03217 60 4~ H B
45 8 3 0.032 48 45 4~ [ H B
36 10 3.75  0.032 52 36 A

B AT AR N7 T T B0 )2 2 TR 45 4 AR T3 AP
WS NRE RER G 28 AP 000 1. 55 Haz f o NRESE
L5 N/m? K AT Ao LB A B il b i) A —
2L AT AR S a4 o 38 e R 23 A IS B Y
SERDLIE 8, i [&] 8 W, B NS I » 45 R i
Wi Jo7 A7 TR AR 26 o 1.5 I R AIR Y 3006, A HE
BERER 0.1 B BEARZY 600, BRI BT & LR, 3
Xt R 14T ELTE AV T8 P S e 38 W SO /)

0.6 B4t 0.6 gk
— ; fiﬁﬁf?z@p if’ﬁ:’** it
@ 030 bbb e 0.3 Ll il Mu
= j g i “\ww‘w i ww
= MWMM“WW s WWWWMW”W
%—03 WWLWM’JM”MI f % %—0. I m“w‘“‘u“”‘u‘u‘u‘hHuuu””uh m

0.6 .6
012345678910 012345678910
t/s t/s

(a) ANFEREJELS (b) NFFZE 0.1
B8 22 & A AE S 45 48 i S B i 1 A £k

Fig. 8 Time-history curve for structural acceleration

response considering human structure interaction
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Fig. 11  Acceleration time history and frequency

curve for vibration damping structure
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Fig. 13 Acceleration time history and frequency

curve for vibration damping structure
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