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Vibration Law in the Blasting of Railway Tunnels with Interchange
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[ABSTRACT] Based on a blasting project of crossed tunnels of Beijing-Zhangjiakou High-Speed Railway, the dynamic
response of the secondary lining of an existing tunnel to the blasting loads from the lower tunnel was studied. Based on
Sadowski’s formula, the attenuation laws of the peak velocity and main frequency of blasting vibration corresponding to the
intersection points located in front of and behind the tunnel face were studied with the tunnel intersection section as the
boundary. In order to compensate for the shortcomings of the method of segmented frequency influence in existing blasting
safety regulations, the mathematical relationship between the peak velocity of blasting vibration and the main frequency was
obtained through regression analysis, and the impact of blasting vibration frequency on the response characteristics of blas-
ting vibration was quantitatively analyzed. The calculation results indicate that, taking into account the influence of blasting
vibration frequency and existing tunnel natural vibration frequency, the optimized v is smaller than the measured vibration
data vpp, In this blasting project of crossed tunnels, the vibration impact of the lower tunnel blasting construction on the
existing tunnel is within a controllable range.
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R HRE 6 T L 25 45 9 B b, I 2% A7, 07 e g a1
KB B 5 G 2R i RO 98 B A4 T 2% 4
SASTRE BRI TR 2" A AR AL
20 42 mm, 25 EA N 32 mm, REE BRI
M AP 24 AR SR A T B R IR KA/
F0.3 m, JFLIREEARIEE PR R i, BUE S F
H2.0~3.0m, ZAARKEIERRN, BRE EA
Wi BT 2 i 3 % | 1R iR R sh ok, BRiE
S R AL A LR 2 B 2 i MR
METSHILE L,



2023 4 12 A

LIRSS SR BRI AR AR SN AT A, A - 41 -

MS9 7MS9

AT

MS15MS11MS9 MS7MS7 MS9 MS11MS15
T 1542

B2 Oprathgis bl e B fL A B (AL om)
Fig.2 Layout of upper bench blast holes of the

740

new tunnel (Unit; cm)

K1 BEREAKREEF

Tab.1 Charging amount in tunnel blasting
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Tab.2 Peak vibration velocity of the existing tunnel

in blasting of No.3

D/m r/m Q/kg vpp/ (cm + s7")
-25.0 29.68 33.6 0.842
-22.8 27.85 33.3 0.984
-19.5 25.22 32.8 1.027
-17.1 23.42 30.9 1.165
-12.5 20.30 32.4 1.833
-9.1 18.41 32.7 2.108
-7.4 17.63 33.0 2.565
-4.9 16.73 33.6 3.189
-2.8 16.24 33.3 3.408
0 16.00 33.6 3.981
3.8 16.44 33.6 3.365
5.2 16.82 33.3 2.866
7.2 17.55 32.8 2.262
9.3 18.51 30.9 1.935
12.8 20.49 32.4 1.638
16.5 22.98 32.7 1.021
19.3 25.07 33.0 0.871
21.5 26.80 33.6 0.734
24.2 29.01 33.3 0.764
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Fig.5 Distribution of peak vibration velocity in blasting

of the crossed tunnels

2.1.2 [EEFTE

Skt — 2 5 I A5 T TR S B R R
TE YRS )45 A 18 s 1 R 3 s B A, R [l 05 4
Brif kst 3¢ 2 s e T T 9 . B R, BT XS
- TR AR A AR 0 Y TS A A0 K 5 R
/N USBM AR I L-K AR Horp | %08 R it
NN e AT B T IR AR R, B R BT A
S s IR FE e, it SR AT IE R
1B /NS Wi S c A = I8



2023 4 12 A STAASE SR R R IR S AL OB SY A, AR $43 -
3 a
Upp :K(mj o (2) < i = D<0
r 3.5F S—— A e D>0
At Q FTRBR MWLt FORH O K o 525 3o I e e e — o
B SRR AT Y i 3 SR T oash e 1N Re0sm
FIFHR(2) 43 3%E D <0 B D >0 B 17 R S 20 £
- Y 4 =] f— - ,’ ®
PRBN AR SR P AT RS 30T . R, D <0 RoR 151 /x%®$wm\
W 3 R T TS HIZ, D >0 FR 4 3" op <" — ~
FETFME) , PAMITRSRNT . 05330 <o 0 10 20 30
Bf 2.62 D/m
L)<0,UH)=210.61(‘QJ , (3)
r BT WRIE SR DR Bl (A 8 5 KT I S DG R
D>0,v,, =343.78 [3/6)2 ” ) (4) Fig.7 Relationship between peak vibration velocity
r and horizontal distance

A(3) K (4) X Jo i e B8 9 4005 ORI
o SE R B I7 (R BIR T 0. 95, AT DU i
T L S BRI 53 A7 T 5 T S X 4 8 1 I 3
BRE AR, AN 6 JIs D <O BRI 14 5 Uil
AR a/NF D >0 B a0 XU, G AT 1
HIT 5 X 7 4 8 IR 3 e DB AN ), 24300 A7
TETHG 7 BRI O T2 8 3 1 Ay 25 1
N FERSIR B 1 B A% i B T 2R A miin, A
AT HR A IR S B e 1

1.4
12f o, 262535 "D
LOf %, R=0984
0.8} §&J/
0.6} P
g °Ne
»= 04 Seo>
g SN
02} T NN
0.0[ »=2.93x+5.84 \;\-\\
.0.2f R>=0.975 RS
04f NS
-0.6— L L L L 1 N
16 17 18 19 20 21 22 23
In (/")

6 AR ASHIR Sl e (o B2 0L i 2

Fig. 6  Fitting curves of peak vibration velocity in blasting

& X g T AR, LIKSEREES D 1R R il
AR, W] LY G b S WO IR Sl 9 43 A RRAE A
T 28 SRS T F e e sh A2 Tl 00 S . S 48 /s R i
ST 5K ERERS D 5, 20 v~ D HUS
(K T)

H L7 W IR A B R B 4 em/s,
ERE N 7 2k a3 T LU Y Bl 1 1 2 1)
/I B A A 2y 06 {1k R 3 T 3 em/s
Ry T IR IR S R R 0 B A D 58 X RE
TH AR Sl R A ]

2 D<0 K D>0 B XFE 7 TG, 15
F[E

D <0,v, =0.003D% +0.20D +3.62;  (5)

D >0,v, =0.004D* —0.23D +3.63,  (6)
A vpp =3 em/s A BN LA T2 1H T 7 X 56
N DY T Il FE 3 8 3,26 m il 2. 88 m,
B, —3.26 m<D<2.88 m A MBS IR Sh 05 (E e i £
EETFRGHE I T 3 em/s, BT BB AT LUAE 38 X %
ERRAR B . MRS R AT LUE 8
T R 3 T TP A 3]k 5 ST X I 1) TR I A
3.26 m KT 57 [k 52 UKy 5 40 2. 88 m,
A UL, BRI A TR B 52 W T AT 6 m B Ry 2R U™
K& 4R AR R i
2.2 BREIRSAERS T
2.2.1 LRSS
TIF 5% 3% B, A M o AN 55 R e I 2l o A K
W2 IR SRR AR i A b R 1 B
AR T RGEME ST SEPRERAE D, AT LU ik
PR e L P A 460 A5 21 %A ST 8 A - AR 1Y) 3 A
FRE, 1l 8 AU (5 5 i D S ith 4, anf&l 8
s BRSNS A At 32 B3 A AR AR A L

ThEREE /B
s o o
[ 8] w N

YRR o L
0 50 100 150 200 250 300
% Mz

K8 LAY 5 1 DR

Fig.8 Power spectrum of typical blasting signals

5 R 30 B4 J5 A3 I e (L R 402 A R AR 8 5 |
AR, I, BT X BAR SR AR K AR pR
XERE A AR £, AR RIEITOIFE . Ik 3 Fioi,



VIR T I )

$52 &HE6 M

A3 RXEAERAIRS EME
Tab.3 Dominant frequency of the crossed tunnels

in blasting

D/m r/m 0/kg fu/Hz
-25.0 29.68 33.6 20.9
-22.8 27.85 33.3 22.9
-19.5 25.22 32.8 37.9
-17.1 23.42 30.9 47.2
-12.5 20.30 32.4 53.2
-9.1 18.41 32.7 67.6
-7.4 17.63 33.0 69. 4
-4.9 16.73 33.6 81.6
-2.8 16.24 33.3 96.9

0 16.00 33.6 102.2
3.8 16. 44 33.6 98.8
5.2 16.82 33.3 89.3
7.2 17.55 32.8 78.1
9.3 18.51 30.9 71.4
12.8 20.49 32.4 66.8
16.5 22.98 32.7 58.1
19.3 25.07 33.0 49.2
21.5 26.80 33.6 43.1
24.2 29.01 33.3 33.5
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