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Abstract

In view of the problem that the vibration comfort of the superstructure of Metro Depot exceeds the
standard, this paper takes a Metro Depot and superstructure project as the background, estab-
lishes a finite element model based on considering the influence of soil on the vibration propaga-
tion, analyzes the propagation law of the superstructure under the action of different train run-
ning directions, and the research shows that: the vibration of the superstructure of Metro Depot
under the action of train load The results show that the main dynamic mode is vertical vibration;
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the vibration effect caused by the train running along the direction of the maximum stiffness of the
upper structure is the smallest; the vertical vibration intensity of the upper cover structure de-
creases first and then increases with the rise of the floor in the vertical direction, and decreases
with the increase of the distance from the track center line in the horizontal direction.
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Figure 1. Layout plan of lower platform structure
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Figure 2. Layout plan of the second floor of the structure
2. B _EFEHREE

3. LERHAMTREET

F AT B AL R N AN DG I S AEAL 3 B b s A, bS8 I B B DK B A ) AR A
BEAT A . 9 1 SE A RN B AR IS AT I R v A 5 S5 R AR ELAE TN IR B A% & R RE I, ASCAE Midas
AR TTHA @S T Ak - S RAR EAE AR o T AR S AR X A R R, AR
AU T 5 AR R 7 B e B R Akt SIS 32 45 v i B A T AR Ak, R — o8 B, —
T B JBTE, (RAIE & R E S . IS AT i 51 A i BRI /N 1070 m, Bk R AR AT
A F RS [7], B DA SCAIEE (19 H AR R R AT 45 i R - SRR, LR 2 Mk 1 fros. N

DOI: 10.12677/hjce.2021.105045 395 T ARTHE


https://doi.org/10.12677/hjce.2021.105045

xR

SEAER A A - SERAR EAE R, X RO SR 2 R AR RISy, IR B R BRSNS AE ARk
AR, AR B i 8], PARTIE PN bR A A R o, R D BT 1 X S
IR ARNIRE, R [ A B A SRR, TR G RN 5 Sl ST AR AT R TR Y, 4 s AR
o XTI, WA AEMNEL - ARSI S A 1 AR S R BOA AL R IR A Sk e, bk
BAT SRR E T 9998, A E S IRIE N T A RAERBIR, S WS eI, XA BRI L
W, PUAERE G S AL R A 177 e 0 TS AR, A LR o SO . BT BLE JUAN T T
MR B L T S5 - AR =4 RICHE R, JLasH B ik SR A TR TR BN 1] 31 1 4 P, & )2
A1 B B bR B 5 iR . SRR B B EAE, 6 fldmdl, ZFHhECN 4, BhEEL 140 kN,
] g ey 2.2 m, IEATIE A 80 km/h [9].

Table 1. Soil parameters

=1 TtEeH
LR AT 42 B (m) MR (MPa) TERALE 2% 8 (KN/m®)
AT+ 3D LA 3.0 101.3 0.333 19
KSR 3D ML fA 53 100.3 0.320 19
TR 1 1 3D Hitk sk 22.8 196.0 0.400 19
HH Rt 2 3D ML 25.0 290.3 0.300 19
TEEr i £ 3D PP Sk 30.0 560.1 0.260 20
Figure 3. Finite element model of depot and superstructure
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Figure 4. Structural soil finite element model
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Figure 5. Layout of measuring points on each floor and room marking drawing

E 5 &EMN=RMEREEIRSE

4. L EBAMERIREIDH

2 NESRRHEE AT A R, |3 2 TR S — I IR AN Y [APsl, RHRARDY X A rEl,
=Ry Z ShEesh, RS S RENEIREEE, HaWBAEMEHEN, IFRKAERRBIR, HAE

gk s,

Table 2. Eigenvalue analysis table

= 2. FHEES TR

R 558 (%)

s B (Hz) FE3A(s)

TRAN-X ~ TRAN-Y  TRAN-Z ROTN-X  ROTN-Y ROTN-Z
1 15263 0.6552 0.0013 142133 0 0.0471 0.0086 0.0583
2 2.1289 0.4697 12,4207 0.0026 0 0.0145 0.3137 0.42
3 23132 0.4323 0.169 0.0125 0 0.0508 1.2048 5.1315
4 5.308 0.1884 0 33.6283 0 2.5063 0 0.0047
5 6.3581 0.1573 0 39.5692 0 0.0264 0 0.0242
6 6.9867 0.1431 0 0.8559 0 0.0181 0 0.001
7 7.0017 0.141 0 0 0 0 0.0104 0.0002
8 8.1506 0.1227 0.0001 0.0196 0 0.0166 0.0001 135678
9 8.585 0.1165 0 1.7987 0 0.1699 0 0.5125
10 8.8706 0.1127 0.0003 13718 0 0.2103 0.0001 2.1009
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e 2 MU T o D] 6 TSR0, 22300 i 0 1) 0 0 2 W K T 7K e o 185 e ek P fi KB40 049 0.0118
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Figure 6. Vibration acceleration time history diagram and frequency spectrum diagram of measuring point 7
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Figure 7. Modal nephogram of structural finite element model
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Figure 8. Schematic diagram of different train operation directions
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Table 3. Vibration acceleration of each measuring point caused by train longitudinal operation

% 3. FIENEIEITSIRAE N SIRANEE x107° m/s®

1 2 3 4 5 6 7 8 9 10
iy 5.92 8.31 6.06 6.10 6.63 3.68 11.80 9.63 15.77 12.83
EAlES 4.27 5.90 4.28 4.90 3.98 3.89 9.08 10.08 11.07 10.53
VA= 4.53 6.97 491 6.49 4.47 4.77 9.29 12.69 13.63 13.56
BINE 4.90 7.49 5.63 741 4.93 4.92 9.92 13.51 15.41 15.03

Table 4. Vibration acceleration of each measuring point caused by train lateral operation

* 4. FIZEHEIEITSIRAE N SFRNERE <107 m/s®

1 2 3 4 5 6 7 8 9 10
iy 19.69 10.88 7.45 4.86 1.99 12.82 9.62 14.36 138.78 5.65
FEE 30.87 6.39 8.03 4.27 4.07 12.59 8.74 16.49 58.02 5.85
FENE 37.64 12.57 8.51 7.06 6.44 21.45 15.35 32.01 59.79 11.81
HBINZ 41.88 26.85 20.46 19.50 9.65 44.94 13.07 9.49 11.64 10.28
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Figure 9. Time history diagram and frequency spectrum diagram of measuring point 9
B 9. M 9 BIZE SHEE

PPUMIRSDIR AR SR B 3 BB, S BT AR, ASCRAIREIIEE S L, [11PRE7R:

L, =20lg2 .
2

oty SCNIRE I 5 H e g 2 LA LA 10 DR MRS HER LA 20, SEAENEE ao B 107° m/s®. 42

DOI: 10.12677/hjce.2021.105045 399 T ARTHE


https://doi.org/10.12677/hjce.2021.105045

xR

A A 5 I L B IR B I E 2, ] 10 oo, Rami B b e ks o R R /= BT 2 IUERERUE b
TS, ARSI L 5 5 PR #74E 70~85 dB JE RN o 55 2 J2 I nDnisk B2 20 K 2 v T 8 2 i sk 24
JIt LSS R AE SR AR BN BN A e W X (. Bk s 450 2 DAL i B RAE B N EEIhGE, % (HUk
TAVAEL R B RED [111)8 T 2 RIRSIAFIIREX . W14 5 o, BEFIRGR(E ARy 75 dB, #[H]
N 70 dB, ASCRERY I AR HUBRIRSE i, K 22 B0 sk BE A7 R PR e, DR Mk 4 b o 45 ) R
& PRIRAE R PR BN . S8k, D 7. 8. 9 IR A EIBATHUEMIE LTy, =l SRS IE
JSE R A 0 A2 K 5~10 x 107° my/s? i, ELB S #-T0 A (K /K1 BE B9 S BB IS AT 2k Bk R, SR
RE [ RAANIE EEEN, RIERS 4238 AT 51 0 G5 A IR 21 0 2 i A R 8 A v O R B R P i S B ek
(SRR

90 1 —o— Jlll &2

s}
IS
1
S
=
T
[$)]

—e— Jl| 510

?Eiﬁbﬂ @Ef& (dB)
b

-
(=]
1

65 T T T T T T T T 1
1 2 3 4 5 6 7 8 9 10

Figure 10. Vibration acceleration level of each measuring point of structure
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Table 5. Limit value of vertical vibration level of environmental vibration
%< 5. IMEIRENZ RS IR1E

U ) HR 2 FRAE (dB)
PRI TR IX 251

B[] B[]

0% 65 65

1% 70 65

2K 75 70

3% 75 70

4a 2k 75 70

4%

4b 2% 80 80
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