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Measured characterisation of vibration source strengths for express

underground lines
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(1. State Key Laboratory of Railway Infrastructure Performance Monitoring and Assurance, East China Jiaotong University, Nanchang 330013, Jiangxi, China;2.
Guangzhou Metro Design & Research Institute Co., Ltd, Guangzhou 510010, Guangdong)

Abstract: [Objectives] The existing prediction formula of vibration source strength is only applicable to normal-
speed subways, and cannot be applied to the vibration source strength characteristics of express underground lines
with a maximum speed of 160 km/h. [Method] The vibration characteristics of multiple sections of a coastal city
urban expressway were tested on site. The influence of vehicle speed, tunnel buried depth, curve and other factors on
the vibration source strength was studied through data analysis. [ Results] The vibration source strength was
between 71 dB and 80 dB at the speed of 90 km/h to 160 km/h in the straight ( curve ) line section. The vibration
source strength also increased with the increase of vehicle speed, and the vibration source strength increased by 3.72
dB for every 20 km/h increase in speed. The vibration source strength decreases with the increase of the buried depth
of the tunnel. For every 10 m increase in the buried depth of the tunnel, the vibration source strength decreases by
4.9 dB. In the same case, the vibration source strength of the curve section ( curve radius 1850 m ) is stronger than
that of the straight section, and the value is about 7 dB. One year after the train was put into operation, due to the
deterioration of the wheel-rail state, the vibration source strength increased, and the difference between different
trains was large. The monitoring data of seven months of a certain section were selected and analyzed. The vibration
source strength was relatively stable after the operation period was stable. [ Conclusion] The analysis of the
influencing factors of the vibration source strength of the express underground line in this paper has a certain guiding
role in improving the prediction formula of the vibration source strength of the express underground line in the future.
Key words: express underground line; field measurements; vibration source strength; influencing factor
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Tab.1 Comparison of working conditions of each test section

Whether the line is

Section serial Straight, curved segments Depth of Velocity/ Geological conditi #iciall q
number (Curve radius/m) tunnel/m (km/h) eological condition odlc!a y opene
uring the test
1# curve (1850) 27.8 100~160 medium-coarse sand no
2# straight line 259 90~160 medium-coarse sand no
3# straight line 42.6 100~140 migmatitic granite no
4 straight line 255 80~110 migmatitic granite no
54 straight line 23.4 90~120 highly weathered yes
argillaceous siltstone
6# straight line 25.9 100~160 medium-coarse sand yes
T# curve (1850) 285 110~160 medium-coarse sand yes
84 curve (1800) 193 90-120  Micro/strongly weathered yes
argillaceous siltstone
o# straight line 41.6 70~100 migmatitic granite no
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Tab.2 Z vibration level of each measurement point of the

four key points

Z vibration level of each

pi?r)llt V(eklrc:;;]t g// measurement point /dB
rail roadbed  tunnel wall
1 94.34 113.65 78.95 71.95
2 125.26 114.57 84.55 76.66
3 133.25 115.08 83.92 74.22
4 155.21 117.91 84.52 79.19
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Tab.3 Z vibration level of each measurement point at different geological key points

Z- vibration level of each

Section serial . o Straight, curved Depth of tunnel  Velocity -
number Geological condition segments (m) (km/h) ral”measurreon;:jgte gomtu(ﬁlllill —
54 highly weathered straight line 234 10045 12312 75.10 75.99
argillaceous siltstone
6# medium-coarse sand straight line 25.9 109.63 112.95 77.50 65.93
4# migmatitic granite straight line 25.5 110.82 116.48 84.71 75.31
lzgl 9 yﬂzﬁjz: ﬁiﬂ}ﬁ%%ﬁ%*}ﬁé& 1/3 {%}/Fﬁi?aji 110 +§trong|yweameredargil!aceoussillslone
SFELIE . AP AT LU HHE 0~2.5 Hz DAY ot 0 s G 100 | Sz S i
e Ly ply VAL N, 2 Ly — N ] ﬁralg-I meseg.ments\ Buried deep 25.9m)
J AR A5 A6 1) o b ot B 3 BE 1R )y i 3k B2 2 A1 T 3 o & Ok Medgae e
o 3 SRR T8 TR D 24 B 5% B 5 e P 2, 5 wof
NN SYRN — N < W AA
2.5~25 Hz 2 ¥ =it 5 ) B 0 5 4R ok 2 EOLAN o e S
FZEHYIRRIEFNZ) 15 dB. X2 FUNFEIX B N g sol & w, X/';;.
FEL A1 T S e B RE 0 K TR A A6 B s B T i ém, Vﬁqu 4
ALV JFA VD o TE 31.5~80 Hz P IRA 15 K 5 Hb o € 4f A
R T BE iR 2 B 1 eee

vt HLA A At (1 B B AR 2

1.i7_5 é 3.5.5 é é lé.5 26 32[.5 5‘0 E;O léSZ(;O
1/3-octave center frequency/Hz
E9 TEHFRMEEE 1/3 (F50E
Fig.9 1/ 3 frequency doubling diagram of tunnel wall in
different geological conditions



A FCERIRAT T IR IR R () 5, S O N
25.5 m AIHYR A 42.6 m HIA T H LB, HU5 VIR
AR A AW AT X Lh b B 10 SIX i
AN I AR B SR T L P

P 10 Je 3% 4 AT50, A#BTIH G- B8 b 3#
b T PP 503 FE 29/ 30 kv/ho 42 T B B RROK,
PRBEEA,  3HWTTH ARSI 5 12K T 44 R
SR . (HESCE AT IR SNIESR L 34T
M 2) 5 dB, XN 3#ITH A BEREL 6# T
RO, AU T AEAR [FS DL N SR OR,  SREhIR
SR/ o R AL RE TE MR S R BN 5R AR R,
73 )3 ECP A BRI T R [0 P Tl 88 P 5 s gk AT 23T o

% 80 |-

= "dse "

5 oot )

2 o

= 60

(%]

3}

e

=]

8 401

c

=] = Buried deep 25.5m

E (Straight line segments. Mixed granite)
Q2 201 ® Buried deep 42.6m

> (Straight line segments. Mixed granite)

6I0 8IO l(IJO 1é0 1‘10 1(I50 180
Velocity/ (km/h)
B 10 FERGERRIRENIREERT L E
Fig.10 Comparison diagram of vibration source intensity of
different tunnel buried depth

R4 NERERRETE FEE SRR
Tab.4 Comparison of average velocity and vibration source
intensity of buried depth section of different tunnels

Section Depth of Average Vibration
serial tunnel speed source
number (m) (km/h) intensity (dB)
4# 25.5 95.18 72.78
3 42.6 126.67 67.93
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Tab.5 Z vibration level of each measurement point at the key
points of different tunnel burial depths

. Depth Z vibration level of each
S::rti';n of Velocity measurement point (dB)
number tunnel - (kmvh) rail roadbed tunnel

(m) wall
44 255  110.82 116.48 84.71 75.31
3i# 426  109.69 113.89 72.05 66.95

B 11 38 25.5 m Al 42.6 m 5 W g i
BE[) 173 FEAfExt b . AWK ATLLE HHAE 3.15 Hz
DA PN 79 1 W T e T A 0 2 T ok P 20 B 3 A B XAl
7E 3.15~6.3 Hz H% 42.6 m ) BEIE BEHR 5 s 5 24
HHSE R FHHER 25 m (1) BEE BE AR 50 sk 5 2,1 i 1
DRAHRBIR S AEARA N 52 AN K, 7E 6.3~80 Hz [H]
THLVR K (14 B T B 4 2 3 55 20 35 L SHL R /)N (1) i T e
PRENIE FE /N 5~10 dB. HHVE 25.5 m ) BE I8 BER
B FHLE 63 Hz, HIUE 42.6 m HIBEIEBEYRS) 1 40(E
200 Hz.

ZE LTI, PR [RIIHR  ThUEA R R,
VR 42.6 m FIPRshIEE LLIETR 25.5 m JRBNIER/)
83dB KEfi.

110

—=&— Buried deep 25.5m

(Straight line segments. Mixed granite)
—®— Buried deep 42.6m

(Straight line segments. Mixed granite)

=
o
o

90t
80 e

[ pekoymn

70 o

60 /l (‘ / ¢
N%,IH/,

40 + oo™ ey

50

Vibration acceleration level/dB

1.I25 é 3.I15 L:'z EIB 12I.5 2I0 31I.5 5I0 8IO 1é52(IJO
1/3-octave center frequency/Hz
11 T ERFERERFFEEE 1/3 fF50[E
Fig.11 1/ 3 frequency doubling diagram of tunnel wall with
different buried depth of tunnel

23 HZShzk

AT B 265 il TR SR SR FR, JEHL
B X B AR X B CiiZk2F42 9 1850 m)  Hth R
By R . SVRAE 25 mo A5 A7 ST T fOn B
M. B 12 DI A W T R R B0 5 5 % B A B
HEDUE H, FHFEDEEEEOL Y, MhZRB IRz IR
KT B LB RS -

©
o

° ‘w.“ =
- mmAri ..

D
o
T

IN
o
T

®  Straight line segments(0Om)

(Medium coarse sand. Buried deep 25.9m)
® Curved segments(1850m)

(Medium coarse sand. Buried deep 27.8m)

N
o
T

Vibration source strength/dB

0 1 1 1 1 1 1
60 80 100 120 140 160 180

Velocity/ (km/h)
A H% 24 BE HiZk: 1#dmE
E 12 5%k HiZ&XERIRENIREXS L E

Fig.12 Comparison of linear and curved vibration sources




M 6 R LLE Y, B 2 b Ak B
AN 117 km/h [958 05, ANELTE ) Z PR
£ 114 dB A7, BB TE M BTG PR/ IE

[ [i1) 7 30 50 BE I 7] ) Z R IR U R B R

TEH AR AEAR R 117 ke/h A2 A5 I, il 2R B %
BE 7 YRt b B4R BYBSIE BE v ) 7 dB.  HE AT LA 3,
TE S RIS i 28 B4R shi o s T BELZR B R 30
YR

®o6 Hik. HMEAXBREMNR ZRK

Tab.6 Z vibration level of each measurement point at the key points of straight line and curve

Section serial number

(m) )
2# straight line (0)
1# curve (1850)

Straight, curved segments (Curve radius

Z vibration level of each measurement point

Velocity (km/h) (dB)
rail roadbed tunnel wall
117.59 114.31 78.02 67.21
117.53 114.63 83.08 74.46
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