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Abstract

Field measurements were conducted on the Beijing-Huairou section of Jingcheng Railway to inves-
tigate ground and building vibrations induced by mixed passenger-freight trains during low-speed
arrival and departure. A total of 28 valid test groups were completed between March and May 2024.
Three ground monitoring points were arranged at 90 m, 125 m and 180 m from the track centerline,
and floor measuring points were installed in two high-rise buildings located 75 m and 270 m away,
respectively. Test results show that freight trains generate dominant vibration in the 2~8 Hz range,
whereas passenger trains dominate at 10~30 Hz. Within the 90~180 m range, low-frequency vibra-
tion decayed more slowly than mid-to-high-frequency components. Building A at 75 m exhibited
significant floor amplification: the 25th-floor Z-vibration level reached 72 dB under freight train
excitation, 5 dB above the ground level and exceeding the 65 dB sleep comfort limit specified in
JGJ/T 170-2009. The vertical transfer function revealed a structural resonance peak at 6.73 Hz,
which falls within the freight train’s dominant frequency band, yielding a 25th-floor transfer rate of
3.58-approximately 6.4 times that under passenger train excitation. At 270 m, Building B met all
vibration comfort criteria. Conventional mitigation measures, including structural stiffness adjust-
ment, isolation trenches, polyurethane pads and steel spring-damper bearings, face frequency or
scale mismatch issues in the 2~10 Hz range and are unlikely to achieve effective low-frequency iso-
lation. A minimum setback distance of 200 m is recommended for new residential buildings along
such railway lines; where land availability is constrained, dedicated low-frequency isolation sys-
tems should be developed.
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Table 1. Site soil characteristics summary table
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Figure 1. Schematic diagram of vibration measurement
point distribution on passenger-heavy mixed railway lines
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Figure 2. Analysis of site vibration characteristics under train excitation
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Figure 3. Analysis of vibration characteristics of structure a under train excitation
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Figure 4. Analysis of vibration characteristics of structure b under train excitation
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Figure 5. Analysis of vibration transmission characteristics of building a floor under train excitation
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550 S B SR % 1 DI AT, JF 8 e VT AT AR — A 3~5 Hz, X RS B A R A RS IR ACR -
@ﬁamﬁﬁﬁﬁm,%ﬁ%szﬂwﬁ,ﬁ¢r;ﬁﬁoﬁrwﬁw%%ﬁkﬁﬁa,Tdogﬁ
B 6.73 Hz k3, RGEFEGMETRL £, <6.73/N2 ~4.75 Hz, M T=1, JEGIRELGIREFIRE,
T S B B AR A . #5 B ICHL 50% LL E IR B F (T < 0.5), MR E WL r>V3~1.732,
f, <6.73/\/3 ~ 3.89 Hz , XBIH ARG 5, = g/(27f,) =16.4 mm . ¥ ZRIEIRALARILF] 80% (T<0.2),
W& f,<275Hz, &,~32.7mm; #ER 90% (T<0.1), MW f, <2.03Hz, &, ~60.2mm . ML
S PN 30 SRR AR £ 3.5 Hz, KT S, ~20 mm , X 6.73 Hz IRENEIRFRIR KL 63%. HEZ
TR A 2 S R AR R U R, WAL S I WU /N KSR 55, DU BE ) HE LA
RGN 2 A R . AN A A ROR IR m P P ae, X B W R SREAKCFRIRE, i 5 K-
161 PR 5 SRE B R IR T BE o D10k, A 38058 B2 SRR E A7 357t N AFAERRR R 5 a5 2 N TE T IS
ARG HVERZ IR .

4.3. BIRIEEESITEN

A B A B R Bl ) () M R AR R AE 2~10 Hz ARAA Sy, RBhIE KA H] 30~100 m, T35z g . PUFh
i RS A7 AR SR E BN DURC o) . 45 R P Ak T R B e B A R, AR AECRAS 2 2 dBs B
I B B LR R P 5 i A e Bl /S, ARSI GRS B ., JBAR SRR T 3 dBs SR BRI IR G 3% 5 K 17 51 4
FIAX ) EE, AMURIRBCR AR, Er RN IRs); HERRIRS S 5 6~8 Hz RSB A 3tk, H
HMeLOE LR 1 )2 450 . DRIt B0 U Il 7E A3 55 T Mk DA SE DA R AR Bl 425 il .
4.4. TEEY

T A AR R e A ) 5 R 2R 1) e A R S AN/ T 200 mo SR 3012 AT EEIAR AL, M 200
m AR Z RKZAN 63 dB, BT JGI/T170-2009 K] 65 dB HEHRFRAE . ASSCSEISE R ERS, PHELk
270 m IS CAE B Y EAE T Z R8N 53~57 dB, T/ EENEFEMEER . iR 200 m B iUE A FET
90~180 m A PRI s (A BY AR HELE S, B TIPERT, SEBR TARHR NG & BRIkt F Egm 2 R o
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a2

Hif %

RAEREHIE . (BRI, WIS IEH B 2 SOt PIAERIIRRTT 3o 35 52 I AR AR RR ], 4
ZULE 200 m VB NSRRI, RIR A bt O AT 2 K, R A BRI S i AR R
BIANA R IEH T 2~10 Hz SE B IRAUE & BRI SO HEL R 1 57 2 FHLJE R Go(TMD)Elbt H B e ¥, 7 &
AN 6~8 Hz IR IX A BB AL 18 50K X T O M. BRI 75 m BOESTH, @RS IT R4S
o 2 [ LS M, B 6~8 Hz SMBLISLARTBOCRIE o 0 B R 7E DGR R o BCRE Al 0 7 18 1% J3 3 1A 1 FELJE
WH, FFIK6.73 Hz ALHIHRANRIE A, AN UCER T B R0 Ik v) BB 4R HEAE S5 28R AT BR A 445 Mt

5. &t

AL LSRR PR R BRI T R, T8 I I S 43 AT 7 B TRAE B B AR 3 AR A R Ak
SRS AL FE R SRR iEE Y, R AT A AR HE T VAN, R

1) FIZERAIHHR BN Si@ = fIER . TRI8 5 B FAEHTE 2~8 Hz, K252 10~30
Hz; FEEILREK 75 m 07 B M B m AN N 5~11 mm/s?, Z IR T 57~67 dB. iXeb7E 7 F o g &
R SR S SRR R s AT R R SR A S 8

2) ARSHRENE ik - o R R RS T b A . 90~180 m JEEIA, %8 Z IRFUNTIE 5 dB, H.
125~180 m BN 1 dB. Az BE S AL R 6 J15k, 3 300@ PR @ 5= AL 5ol

3) mEESFAEESR R E RO BHT 25 EAESISHI N Z fR05 72dB, B E 5
dB, #H JGI/T170-2009 [HEARIRAE (65 dB) 7 dB; & e i@tk 25 2L 54 dB, AH BB, @R
H A3 BRI R 6.73 Hz AMAAE R ) L RIE, S5 IRERUIIFME, 25 Bihda 3.58, WEaTR%E
T 0.56. 1 270 m ALEEIR CHRB KM WL, b, BEE )2 @A MR 1 e ZF B

4) 4% GB10070-88 & JGJ/T170-2009 [ 65 dB BEARFRE, 75 m kbRl DBk R VFE, 25
JZ N R PRTEE AR 270 m AR SARZ 2 2R . GB10070-88 s HHLE, XA[RESKfimEEN
(1S bR 3 -

5) AL 6.73 Hz 45 3LIRIG S5 T2 5 4 2~8 Hz I EABLE T & . fEIXAMESTE R, M
WARFVERRA IR SRt FRRE . REBER 2 RN B 4 A SRS, #RIRMELE 2~10 Hz Sk
FRESEIL 7 dB DL SR R, XIS b PuE sl s Z @2 M S, R AR K,
B4 BE B i AP EL 200 m DA By A5 FHZER, 7 B L T 1A ARSI B 2 A R R AR .

& H
LA A B SR I H (ZDZX2025-16) .
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