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Fig. 1 Relation between tensile force and absolute extension
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Table 2 The maximum tensile strain at each measuring point under different explosive charges

&/10°°
P

0=50¢g O=75¢ 0=100¢g 0=125¢ 0=150¢g 0=175¢ 0=200¢g
PRENT 20.7 23.4 25.4 39.1 50.9 50.9 67.6
2-1hri 19.9 283 31.6 47.6 56.9 50.0 59.6
2-35R 1] 19.6 23.0 22.8 35.0 473 42 513
2-34 i) 21.5 28.0 339 61.5 96.3 107.2 130.0
3-13£07] 20.3 23.7 25.9 412 51.7 492 65.6
3-14h1a) 13.1 21.4 26.9 46.6 67.6 62.5 82.2
3-1(45°) 5.4 6.3 5.8 14.7 26.7 30.2 37.6
3-23F [ 15.9 25.5 29.5 69.4 134.2 194.1 194.7
3-2fh15) 182 243 24.4 41.6 65.5 76.0 87.9
3-33F [ 28.8 33.7 28.2 43.6 70.7 98.7 115.3
3-3415) 19.0 29.1 33.8 61.4 97.0 122.4 135.8
3-43R[A] 17.7 222 23.6 42.6 99.0 155.2 164.8
3-4fl15) 18.9 25.6 29.7 513 82.1 88.1 102.7

#x3 TRIAETEMNSREXENT
Table3 The maximum compressive strain at each measuring point under different explosive charges
&/10°°
P&

0=50 g 0=75¢ 0=100 g 0=125¢g 0=150 g 0=175¢ 0=200 g
2-15f0] -20.6 —24.4 -26.7 —67.3 -127.8 ~140.6 -181.3
2-14tim] -19.0 242 -26.8 —49.7 —61.1 —47.0 -57.9
2-35Rh -18.4 -29.5 -40.5 -87.5 -149.7 -174.3 -213.5
2-3%tm] -29.1 -38.4 —42.6 —68.4 -92.3 -78.0 -103.5
3-13R [ -19.9 -25.6 -28.2 -53.1 -102.3 -119.9 -147.0
3-14h1a -23.0 -30.8 -35.0 —67.3 -95.2 —84.5 -110.1
3-1(45°) -7.3 —6.0 —6.6 -13.8 -25.0 -34.7 -37.0
3-23F[1] -10.5 -16.3 -19.2 —41.3 -88.3 -110.4 -134.6
3-2fha) 239 -36.9 —41.1 -75.6 -104.2 -122.3 -121.7
3-33F [ 226 -31.5 -37.3 —95.6 -199.1 —289.0 -309.1
3-3415) 275 -40.6 —44.0 -79.6 -107.6 -105.8 -115.7
3-43F (4] -18.4 275 -31.6 -50.6 —69.5 -54.8 —65.2
3-4kh 5] -30.1 —41.0 —43.0 —84.0 -121.0 -114.3 -138.6

] 5 A I A K4 R E 491 B 5 S IR ) e pR B HE ROE ORIl A BRSE AR BUPE 0.91~0.97, 36 [ i 728
0 WA R (A XHAEL, T TR)) B ATl 1) 02 AR S R R B 1) DA A 6.8~ 5.7, il 1) S U4 R A
—3.9~=3.2 X A [ AR IAT AN [ 00 o S 0 A AN [ 114, 0 R T i A XK, o A T 0
oo L 6(a),  7(a) R 8 AT LA . [R]— A 4B . 15 45 . TOUH MU0l (4 BR 1] I AE, AN [7) K
TET JE0 AR ) B 1] IO A% 4 2 (B L 91 P8 g /s LR AR PR 6(b) ATIAT 7(b) w240 il 1) 17 4% X Ao 22 (L
JLF- AN it E A9 i 8 AR AT AE A o 7 A T Ao 22 S P A D DR i 7 722 () A T 7 I 1) J3 7 T A i )
(PSS TR I PR R SER 32 e i 2 A O IDNIES 30 GRS ION s S = AT | AT DN =R ] o DI
AT LA R 5 8 b IR 2, 36 s 2 WYl 1) A8 N RE AR TR A SR AR G
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Fig. 8 The maximum hoop compressive strains at
positions 2-3 and 3-3

5539 & P, AR IR L PRV E T LR 2R I Bl e $3M
0 (a) Hoop strain (b) Axial strain v
P 6 5 o 720 £=-105962.17xR ™
oo R, 20 F R2=0.901 9
> 40
—-100 = Position 3-3 60 .
o e Position 3-1 © i = Position 3-3
= = e Position 3-1
E T 80
2000 =—9.067 x 106 x B " -100
2 — S
R*=0.957 96 ool o= —54 426.48 x BT
R2=0911 85
7300 1 1 1 1 _140 1 1 1 1
6 7 8 9 10 6 7 8 9 10
R/(m-kg™'"?) R/(m-kg ')
6 37 B 3-1 A1 3-3 B0 A fi) 1ok 1) S A P 7728 T i T £
Fig. 6 The maximum hoop and axial strains at positions 3-1 and 3-3 varying with scaled distance
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Fig. 7 The maximum hoop and axial strains at positions 3-2 and 3-4 varying with scaled distance
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Fig. 9 The maximum axial tensile strains at
positions 2-3 and 3-3
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Fig. 11 The maximum hoop and axial strains at
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Fig. 12 The vibration velocity signals of the PE pipe and ground (Q=100 g)
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&4 TEIZHET PEER PPV MELR
Table 4 The PPVs and main frequencies of the PE pipe under different explosive charges

X7 1) Yl ZJIA]
Olg : : : A IPPV/(ems™)
PPV/(cm-s™") FHi/Hz PPV/(cm's ™) F4/Hz PPV/(cm-s™) F4i/Hz

50 1.14 26.31 0.43 25.84 1.32 27.46 1.39

75 1.20 22.86 0.55 24.69 1.29 25.48 1.68
100 1.05 25.16 1.19 21.62 1.56 24.1 1.91
125 1.68 11.9 1.68 17.24 2.56 20.9 3.00

150 2.92 9.22 2.17 24.60 3.91 182 4.41
175 3.53 9.24 2.18 21.98 4.04 17.02 4.63
200 4.43 9.59 2.80 21.98 4.92 16.80 5.49

x5 AREBETHERE PPV FESH

Table 5 The PPVs and main frequencies of the ground under different explosive charges

XJ7li Y71 ZJ5 1wl ]
Olg - A HPPV/(cm-s™)
PPV/(cm-s™") F4ii/Hz PPV/(cm-s™") F4i/Hz PPV/(cm-s™") F4i/Hz
50 2.17 12.3 0.89 30.47 3.30 25.76 3.57
75 2.38 10.93 1.03 31.75 3.62 24.80 3.81
100 3.02 10.44 1.18 25.64 3.87 23.26 3.97
125 5.62 8.45 1.34 15.23 6.98 19.24 7.20
150 9.29 7.83 1.30 8.30 9.44 16.26 9.72
175 9.30 6.63 2.19 9.11 9.35 14.55 10.70
200 9.98 6.73 2.62 8.91 11.73 14.44 11.78
35r
. 12t N
30 | ° = X direction = I'ipe
o ¥ direction 10k e Ground surface
25 4 a Z direction
20 o8 v=6931.64 x R """
L » 2
§ g ol R*=0.924 62
15+ 4
10} . A i .
L " 2rv=477827xR "% .
R2=0.95229
0 L L L L L L L Il 0 L L L L !
25 50 75 100 125 150 175 200 225 6 7 8 9 10 11
Qg Ri(m-kg')
P13 3k AR AR Bl 24 Y 0 Pl 14 MR S BN L il L 191 B 5 114 3
Fig. 13 Main frequency attenuation of ground vibration Fig. 14 Resultant velocity attenuation of the pipe and
with explosive charge ground with scaled distance

F) i (1 B T A T I P A R A B AR, TEAS RSB AR T W 290 2 AR S R, i (i e TR
P9 B DL i T S 36 R (AR AR BT
4.3 XtEEoHh

RRAE 2.2 745, B e,=1 100 m/s, HABZ KR 2.1 15 PE 45 S8, Hb 1 9% 20 B2 800 W 3% 5, AR AL
(1)~ (3)o AT B {51 38 A B0 455 (B RABEIAD 3 000 At 3 SN X L, Ak 6 7 o Wil U f91 B s 344
K, O B AR BEZ Wb i, 1076 Lo B BE B /N O BR A s T S I B e (F /. 25 08
20 (1) #E 5 i B AR A O - T AT, 2X(2) AN (3) B2 1 AR A A Jit 28 S5 0 R ek 5O 400 5 T 45 2]
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#o6 BANKITHEMSMNHE ), BRI o T 48 A 0 T G IX. (AR S v 0 S L 51 B
Table 6 Deteced data and calculated values R>12 m/kgm), ﬂiﬁgé’\ﬂ(i?&{ﬁ Hd‘, }%ﬁ E’:Jﬂ“%://_\\
by existing formulas SR B UE A L T H B B R< 12 m/kg'
G wpgs W R@ RO RO gk SRE RN, BRSO R
§ AT w07 /107 w107 /10 10 iS40 R G ST I 7 A
50 10.18 288 275 292 245 32.5 7 |56 14 R 7 25 {5
100 8.08 373 440 56.9 452 36.1 ke van .o
44 EEDENESFSH
150 7.06 199.1  107.6 83.8  64.0 88.3 e Fh ) st 2 kT LA B
200 6.41 309.1 1157 1102 813 107.1 . " R » <RI Ra

HL TR
AR

X 345 5 A2 AR i AR A, T B B A Y

JE 55 BB R AR, AN 20 J7 8 . ARSI 6 A IR LRI R F, X FR 23 A3 £ AT 6.
3.7 FL AR AT SR LR A L 6 7 R LR R R AR R Se R U 1R] TR AR E, R B AR A BT T

PHET), RINE R BB TERE . TR H W88 7 i A D7 1) A8 e P A oy, R S5 356 v i 3 o2 0 5
Ao 115 2yt 75 g i, iR 1 A9 3 SR i R 2k 151, m] LAFE Hh 40 B /N O AT

3300 5 R AR SR T A 2 AR L X Bl A s AR ] 64— B B R o0 A5 3 2 I AR 0 AR A R R
JOEAR RN H [ 7 B A s e B s R T A () I AR R, P B AR . BZG R 150 g, o 3 I A 1 il
T I A B Je] g A 2 A0 18] 16 R, RO 30 J5 A0 17(a) s, T A B % T 000 45 ek 1) o 7 o 2
& 17(b) B, X5 WA 5 50FE C 4317 5 45 3 R s AH DG, AH G R B 0.603 8, X He HL B % v 2 1 i A 35 A
AL, 7 5% 1 EHACE R, Rl B AR 4, v EREEh 0.795 0.

; —7.383

—75 g explosive charge o .
= " == ~1521%

' "JVV"W A —7.590

—7.659

& 15

i

P =4

14 i L B 8 A 5

Fig. 15 The typical signal of PZT voltage
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Fig. 16 The time history curve of axial strain at position 3-1

(a) Strain rate 9380 (b) PZT voltage
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-104
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Fig. 17 The time history curves of PZT voltage and axial strain rate at position 3-1
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5 & i

(1) 7E LIRS 6~ 11 m/kg'” Y N, M3t PE 45 32 45 A Dl Jo o oo o ) 1 1, 485 i 2 0 B2 3 23 A R
Y5, VA BE B /NI, 2% A B 1] I8 AR Ll ) 7 A, 4 i B4R T AR e A R, SRR AR T
AR o B LU BE B A9 38 O, 8 0 D02 i e 4904 16 M 752 D5 BRI B 48, 2% sk e IR g 1 e K
W P 22 328 W D/ I, Jy 38 2 TS 2580 7 36 i 335, R AP A TR S8 R X A8 DA, B o) 7 A S T 0y oty 2 S
DR LM 8 A A TS 0 B 2 T 2 e A, A8 T A ) o 1 LA RN R 2 — % I

(2) 38 1ok 20 e 7 R S5 38 S0 2 A I 1 A R L {91 B LA R G ) R RS RO IR G R R
FHER 25 BRI O 2 A PRUER A LU A9 B 8 A D i 3 T el ) A R LA g . LA A I 45 4 45
S 25 DR 2R B R W) 5 Ay B A91) 2R ORI T Dl 5, St — oA Ak ) it ke TR S B 1] 4 T A6 D7 125, FBRAT B9 T
R RIS — B ARSI G6 B 23 B R 78 b 1 b rP g b 7 A R A 8 A A 0 D 2 e i B L
— BT P P R LA 3 A IR BUE R

(3) JEHL M B AEAS RSB R B T R AP 0 Sh AR, TAERRE | B KA BRART . ST 0 RE 158 |
Iy B AT RE T LR S R sl 25 TR 0 AR A o DAL HRE G i e B 3 s 0 4 B T BOR (BT
49, 33X J7 TR I AR AR A A

(4) ML E A 3O A B N AR I, B R A S At Tt g b S ok i e, AR TR
YEUR RE 5 418, SR ohil 221 PE 4 27 AR BRI B 1] A2 .
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Dynamic responses of PE pipes directly buried in high saturated
clay to blast wave

ZHONG Dongwang, GONG Xiangchao, TU Shengwu, HUANG Xiong
( Department of Engineering Mechanics, School of Science, Wuhan University of
Science and Technology, Wuhan 430065, Hubei, China)

Abstract: In order to solve the safety assessment of a buried pipeline nearby blasting operation location, a
series of dynamic responses of the polyethylene (PE) pipe in high saturated clay under the action of the
explosive wave were carried out. The experimental data of the dynamic strain and dynamic pressure were
gotten, and the velocity data of the pipe and the ground were measured at the same time. The experimental
results show that the peak strain of the PE pipe has a good power function attenuation relationship with

'3 the attenuation index of hoop strain (absolute

scaled distance. In the scaled distance range of 6—11 m/kg
value) is larger than the attenuation index of axial strain. The main vibration frequency of the dynamic
response of the pipeline is slightly higher than the main vibration frequency of the soil, both in the same
order. The pipeline synthesis velocity attenuation index is roughly the same as the axial strain attenuation
index of the pipe. There is a strong correlation between the dynamic pressure signal measured by PZT and
the strain rate signal of the same point. Due to the high water content in the high saturated soil, the PE pipe
will be locally impacted and the greater circumferential strain will be produced, so this factor should be taken
full account of the pipeline safety assessment. The hoop strain level is reduced, and the axial strain level
relatively enhances when the scaled distance increases. Because of good and reliable dynamic performance
of the PZT, the PZT is worthy of use and promotion as a mean for field detection of pipelines.

Keywords: blast wave; PE pipe; saturated soil; dynamic strain; buried pipeline
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