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Vibration Characteristics of Water Supply
Pipeline near Rock Blasting in Silt-rock Strata
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Abstract:  Although the rock stratum can be blasted into blocks in advance on the ground when the shield ma-
chine bores through silt-rock strata,the vibrations generated by blasting in silt-rock strata will threaten the safety of
the water supply pipeline near the blast area. Based on the blasting vibrations of field tests and numerical simula-
tions , the physical and mechanical parameters of the materials on sites were verified , and the dynamic response of the
water supply pipeline near the blast area was studied. The research results show that the peak particle velocity (PPV)

decreases with the increase of the horizontal distance from the explosion source on the pipeline along the axial direc-
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tion. The PPV also decreases with the increase of the horizontal distance from the explosion source on the ground sur-

face above the pipeline along the axial direction,and there is a relationship between the PPVs of the pipeline and the

PPVs of the ground surface above the pipeline. The maximum PPV of the pipeline’s inner wall is 3. 97 times the min-

imum PPV and the PPV is the highest at 90° of the inner wall. Meanwhile , the maximum PPV of the pipeline’s outer
wall is 1. 03 times the minimum PPV, and the PPV is the highest at 150° of the outer wall. Besides,the PPV of each

node is different from that of the other,and the PPV on the pipeline’s inner wall is more significant than that on the

pipeline’s outer wall. Although the PPV on the pipeline’s inner wall changes significantly,the PPV on the pipeline’s

outer wall is relatively close. The maximum peak effective stress of the element is 4. 06 times the minimum peak ef-

fective stress of the element,and the peak effective stress of the element is the highest at 240° ~270° of the pipeline’

s outer wall.
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Fig. 4 Schematic diagram of the blast holes(unit;cm)
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Fig. 5 Arrangement of the vibration meters
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Fig. 6 Numerical model of rock blasting( unit:cm)
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Table 1 Physical and mechanical parameters of the explosive
HH/ (g em™)  HRH/(em-ps™')  A/GPa B/GPa R, R w E,/GPa
1.06 0.5 216.4 0.182 4.2 0.9 0.15 4.192
x2 EAMRENYMENZESH
Table 2 Physical and mechanical parameters of the rock and silt
Y, SIGY/ ETAN/
K H) ‘e -3 E/(1 11 P BETA C
KAl p/ (g em™)  E/(107 Pa) (m-s)  (10"Pa) (10" Pa)
oA 2.5 0.74 0.25 5357 3.0e-5 0.042 1.0 0.06
e 1.63 3.3e-5 0.45 1250 4.0e-9 0.0 — —

x3 ZEHMEMNFESH

Table 3 Physical and mechanical parameters of the pipeline

BH ZH
R p/ (g em ™) 2.4 N ARREAL S EL N 0.61
B UIEE G/GPa 12.3 WEFHAS AN 58 S £,/ MPa 24

MAFRZEL C 0.007 KBRS T/MPa 2.7
IH—fb K258 A 0.79 X RIAE R £,/ (s7") 1x10°°
I —fb G S50 B B 1.6 W BT A S/ NIBPE N E e, 0.01

AT RKIRE 5, 7 P E D, 0.04
JEREE ) p./MPa 8 5% D, 1.0
JEREARFRR AE o, 5.6x107* 155 8 K,/ GPa 17.4
JESZE ST p,/GPa 1.05 WK,/ GPa 38.8
JESZARFUN AR p, 0.1 i3 #HL K,/ GPa 29.8
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Table 4 Physical and mechanical parameters of the air
p/(g-em™) ¢/(m+s™") S, S, S, Yo a e,/ GPa
=5 1.29E -03 344 0 0 0 1.40 0 0
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Table 5 Physical and mechanical parameters of the artificial fill

R p/(g-em™) W w  NES/kPa BIYIBE/MPa N EEHE A/ rad
1.98 0.35 100 150 0.31

RETHEIRAN 30 m Ab o %6 BT B3 s I A&
(EH SRR B . 45 RN, W Bs 4k, IR 22 1



a1 H3H FoWE

LU A IR MR R I T 45 K A TE IR Sh AR AR 227

5.88% 1 17.37% Z[i], DA i, 1 HIEC (R TSR 7Y
FIAA BT ST A H T i (R A I B iR S 2 m]
i, ke,

&6 MM SH R IRENE EIEER
Table 6 Comparison of PPVs at monitoring point#1
W "l
X Y
PG/ (em = s7") 2.13 0.68
BAEH/ (em - s7") 1.76 0. 64
R/ Yo 17.37 5.88
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Fig. 7 Schematic diagram of the nodes and

the elements on the water supply pipeline
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Table 7 The PPVs of the water supply pipeline along the axial direction

HEXT AR A AT HE 25/ m 0 0.60 1.20 1.80 2.40 3.00 3.60 4.20 4.80 5.40 6.00
I8 AT S PPVs/
REEEL ® 3.68 3.71 3.80 3.68 3.54 3.54 3.46 3.19 2.8 2.77 2.50

(em-s™")

39
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Fig. 8 The PPVs of the water supply

pipeline along the axial direction
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Fig. 9 The PPVs of the surface along the axial direction
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Table 8 The PPVs of the surface above the water supply pipeline along the axial direction
BEXT AR 1 R 25/ m 0 0.60 1.20 1.80 2.40 3.00 3.60 4.20 4.80 5.40 6.00

e N ;
HLIEJ:IT?@%E/J 3.61 3.61 3.61 3.57 3.55 3.48 3.40 3.26 3.12 2.95 2.77
PPV/(cm +s™ )
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Table 9 The PPVs of the water supply pipeline inner wall
bl 0 30 60 90 120 150 180 210 240 270 300 330
EIiENEER PP
HL(V\] %&E/{])V/ 5.56 8.89 14.68 15.92 11.19 6.24 4.01 4.19 4.88 6.17 5.39 4.74
cm * s
FOR I PPV 3 T 45 7K 48 T8 A1 EE 150° 4, e K
PPV Jy 4. 11 en/s; /N PPV (i T 45 7K 487 38 Hh BE
330°4k, F /N PPV i 3. 09 cm/s; fx K PPV & &/
PPV {1 1.03 i, 25 /K & 1 HPEE 150° 40 1Y PPV s o
K 90
g or
s al
Ry
~2r
240° gor
270° z
A2
Bl 11 S5KATE P EER) PPV
Fig. 11 The PPVs of the water supply pipeline inner wall 4t
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P o Fig. 12 The PPVs of the water supply pipeline outer wall
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x 10 LH{KEEIMNER PPV
Table 10 The PPVs of the water supply pipeline outer wall

fE/° 0 30 60 90

120 150 180 210 240 270 300 330

i IEANEE PPV/

(em-s™")

3.79 3.55 3.53 3.68 3.78 4.11

3.28 3.84 3.30 3.56 3.22 3.09

TE 4 KB A RE |, PPV 7E 3. 09 em/s Fll
4.11 em/s Z[a]  fHAEEA T 509 PPV R AN TR, 4
FE 7= A 1 b R U A 498 - 25 /K A B T 3 S AT 4
B KAE TE 0 22 R S AT 5, S B9 AR

19 PPV AK[H],
3.6 Z5KEEREEFIINEE PPV XFEE 47
25K B 1B N BEFIAMEERY) PPV U 11 s,

® 11 HAKEEBENEEMIMNER PPV
Table 11 The PPVs of the water supply pipeline inner wall and outer wall

biil- 0 30 60 90

120 150 180 210 240 270 300 330

& IE N BE PPV/
-1
(em s )
EIHSMEE PPV/

(em-+s™)

5.56 8.89 14.68 15.92 11.19 6.24 4.01

. 3.79 3.55 3.53 3.68 3.78 4.11

4.19 4.88 6.17 5.39 4.74

3.28 3.84 3.30 3.56 3.22 3.09
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Table 12 The peak effective stress of elements on the water supply pipeline

g/ ° 0~30 30~60 60~90 90 ~120 120 ~150 150 ~ 180 180 ~210 210 ~240 240 ~270 270 ~300 300 ~330 330 ~360
NS %
R iﬁﬁﬂ 4.72 7.38 5.67 7.6 8.48  6.28  8.83 14.68 19.14 14.69 5.85  5.58
43/ (10° Pa)

BTG fe RV AT RO 147 T 45 7K 487 1 240° ~
270° /b, BT 1Y) e K UE(E A RN I R 19. 14 x
10° Pa; BT e/ NGB AT RO F1 07 T4 /K 38 0° ~
30°4bk , BT Y Bt /NGB AT RLRE J1 R 4. 72 x 107 Paj
BT e RV AR AT BRIV ) S B IT e/ N B AT /U )
[ 4.06 £i5, 45 /K& 18 240° ~270°4b PAIT 1) e KA 2L
I8 155G o
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BB AR T 00T R4,

4 g
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TURUE-A A 12 A A B I T 4 K T 1 I Bl R
Mo BRI 458,

(1) FEZ /K G T I, PPV [ 5 I 9% 1 U
KV RE 5 A3 RSN o FE S KA I L Wl )
I I, PPV A0 i 25 I 8 A U5 /K T 1 25 10 8 o v 0
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