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1.1 HEER

K em-g-ps B, ST i TNT #E2 | ¥+ o Ground
AR A L TR, A& 1 B R . AT
N1 K 38.4 cm, 453 H 0 B AR 0N THT A E R Soil
130.0 cm, &R B AA S 271.6 cm, Horr: TNT KE25H
K 14.0 em B IE 5K, SR LR AR Ty = R Weld bead
HIE NHME1016.0 mm, BEJRE 14.6 mmfi X70 X
B o MRAEGE U R RSEI, 4300 Y LR A A
& (H=2.0 mm) 45 R Y B8 0 B4R (H =0) 17

46, IS 2 R . O TR SR R, ke M
RS R AT 5 2 1 6, R A A 3 T

IRo WIRNRSEY AN JE O SR IR T 2R, 48
B 5 TR I S0 ik

Explosive center

Blasting height

200.8 cm

271.6 cm

Pipe center

% B T SR 1 X BR M, HR 172 A A 130.0 om
B, JEZN . Bt 4 E SRS % ] SOLID164 75 1 B
PRSEAR B TT, A7 R0 2 P, I 0 A5 4 007 Fig. 1 Calculation model

HEAT AR A0 AL AL B o 0 24 0 B SR R AL I A, A5t IR 4 SR PR A% B3 L RS, 328 AT S A B
F DR 5 3 B A7 A B 7 T R 5 B0 5 AU K iy T L R B A A A9 B Ty R o A ARSI S
RS E N E R S & O BB O R N W) IDO i SATR

‘ Weld reinforcement (H) Weld reinforcement (H)
1.0mm ! T 1.0mm | /‘
25°! 251
: A A
: Fﬁ mm ! Fﬁ mm
! 4.0 mm © 4.0 mm
B2 AR P3RBT
Fig.2 Design of weld size Fig.3 Simplified diagram of weld model

1.2 HEIR

ST A0 A s B B AT M T T b A T 0 L e R A S %) B g e R, R R 2 L RS R
14.0 cm x 14.0 cm x 14.0 cm (Y TNT %E25, $FHE N 1.5 m FIE&E A 25 (H=2.0 mm) &8 (18 A) FlE
BIARE(H=0)%1E(EHEB), TEES 918 60.0, 85.0 F1 110.0 cm 9 3 454 T 1Y 6 B T sE1THE
PUTE, i3 1 frw, Hodr, by MIES .

=1 HEIR

Table 1 Calculation conditions

Weld type Buried depth of pipeline/m  Size of TNT/(cm X cm X cm) hy/cm
No weld reinforcement (H = 0) 1.5 14.0 x 14.0 x 14.0 60.0, 85.0, 110.0
Weld reinforcement (H = 2.0 mm) 1.5 14.0 x 14.0 x 14.0 60.0, 85.0, 110.0
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13 HESH
TNT % 25 1% J /55 fE 4 258578 (Mat_High Explosive Burn) Fll IWLJIR S 7 FEE X o IWL RS T %
B
YA P RS N
pz—A(l Rly)e +B(1 Rzy)e + . (1)
Sl p, AT S, A, B Ry, Ry % TNT HERVI R, v SR =00 MRS 25, E 020
M. HEZTHIE o, BRH D LI WL ARy B 42 20,
x=2 MEAMRsHM

Table 2 Material parameters of explosive'”!

o /(g-em™) D/(m-s™) p/GPa A/GPa B/GPa R, R, w E/(J-cm™)

1.58 6930 21 373.77 3.75 4.15 0.90 0.35 6 000

o 3 L R A AL (Mat_Soil_and Foam) i . 1% M MR Ry 7 i IR 5 44 £ Ry
f=8;6,;/2= (a0 +arp+arp?) )
A S, 0 ARB R Cauchy M B J1 5K &, 6, b 3884 BHY Kronecker 4L, ay. a,. a, 535 hy 1A BE 52

. EARFEER A AR E S RSN W R B p M EIRE T ay. ap. a, B T SEEG A [ PN JEE 52
A THERR 2R, TIREE o BT G, KB E K S50k 301,

£3 LRSI

Table 3 Material parameters of soil'"**'*!

pl(gem™) G/MPa K/MPa a,/Pa’ a,/Pa a,

1.8 41.14 87.87 2.12 x 10 523 x10° 322x107

X70 448 18 1G58 1 SR F AR 1 Bl 3 B4 Bl AR 7 (Mt Plastic Kinematic) i i, #4& von Mises JiE Ik
HEN], HR A h

Ee e< €&,
3)

- oy+E(e—¢e) £>¢&.
Kb o W15 oy BN TT; B, R iPER s E W UTZB R, 0 < E, < E; & WINZ; &, J MR BRI
A ESTERIP o SNEERE N P ST S U N N LT B S /N H A

x4 BEERBEMBESHSW

Table 4 Material parameters of pipe and weld bead">'®

Material ol(g-em™) u E/GPa E/GPa o,/GPa
X70-pipelinel!* ¢ 7.90 0.3 210 13.5 0.48
Weld bead!'™*! 7.25 0.3 220 15.3 0.55

2 FERE5e

21 EENAODH

Bl 4 R K 14.0 em B9 1E 5K TNT KE25 B KERT, KES hy N 60.0 cm, #EE A 1.5 m B P AP X70 45
TR Y von-Mises W J1 = & o H1 & 4 AT LA Y Y AE 3G TN 1 440 ps I, Jf%k’ujwﬂzﬁﬁa%%
fl BT 5 Y AE BRI ] 1 600 ps I, MRAEAT 2.0 mm Ay 5 (94 A FIREE O A w108 TE B 1Ay 5 KR g 1Y
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o5 3 10

i@ 351 4 81.4 MPa 1 43.0 MPa; 4L &I [5] 4y 1 920 ps I, 18 A FAETE B i KN ¥R THEE S
BT BRI RS 7, R 7 200 4 1 T X RO B ) AN R, A A B e YR, T
I B AT AR RE 1) DU R 9 R £ 3 520 us B, 458 0 ) 48 v E BV B0 B R R, 1A A FIASIE B
B 77 f KAB A3 914 601.2 MPa Fil 591.0 MPa; 7E 6 080 ps i, 4518 A FIEE B 4kLL 28 AH N 13i/)N, b7
F1 85 KA S 5098 /N ) 581.8 MPa Fll 565.8 MPa; 7E 9 120 ps i}, 4538 A A B 190 J7 4 R IEA T 2% .

Stress/MPa

Stress/MPa Stress/MP. Stress/MPa
3.5 0.79 84.9 43.8
3.2] 0.71 76.4 39.4
2.8~ 0.64 - 67.9- 35.0 -
5+ 0.56 - 59.4- 30.6 -
1 0.48 50.9 26.3
8 0.40 42.5 21.9
4 0.32 34.0 17.5
1 0.24 25.5 13.1
i 0.16 17.0 8.8
4 0.08 8.5 44
0- 0 - 0- 0 -
H=2.0 mm H=0 H=2.0 mm H=0
(a) 1 440 ps (b) 1 600 ps
Stress/MPa Stress/MPa Stress/MPa
627.5 561.9 591.0
565.3 506.0 532.0
503.1- 450.0 - 473.0 -
440.9~ 394.1 - 414.0 -
378.8 338.2 355.0
316.6 282.2 296.1
2544 226.3 237.1
192.2 170.4 178.1
130.0 114.4 119.1
67.8 58.5 60.1
5.6- 2.6 1.1
H=2.0 mm H=0 H=2.0 mm H=0
(c) 1920 ps (d) 3520 ps
Stress/MPa Stress/MPa Stress/MPa
565.8 587.7 474.1
509.5 529.2 426.9
453.1 - 470.7- 379.8
396.7 - 412.2- 332.7 —
340.3 353.7 285.6
284.0 295.2 238.4
227.6 236.7 191.3
171.2 178.2 144.2
114.8 119.8 97.1
58.5 61.3 50.0
2.1 2.8 2.8
H=2.0 mm H=0 H=2.0 mm H=0
(e) 6 080 pus () 9120 ps
K 4 R[FEZ] X70 855 A von Mises [ 7

Fig. 4 von Mises stress of X70 steel pipe at different moments

S FnIEL 6 43 31 b R AR T8 41 3 TT L 1E X A0 7 B A K A A 40 B T Ak R 4 A DT 5 4 T BT
(I 7 I R R 4R o R4S T 2 K 2 fr M FH B B, R A8 9 0L ) 76 K2 480 ps N R BEERA BT, HF:
R R A B N BRI AZ T, — o0 8 KE R A A I AR Y O 1) A DU SR A, S B0 A S E Ay Bin b
PSS BT R N ) SRR R, W S5 4 R =B A . RGN HETRBMASCRNE
B x U0 AR A TE A RV E B N 1R T RS 1.016 F11.008, BIVBE & A3 oK, 1 1 &
BOB B, X ECE S AR 6 nAL, 45 1E A B KRS BTN ) W E R L DL S T B R S A A B . Xl
U B K A A 1 T A7 A (A5 A 5 A 0 B T ) AR RS g AR B R, T R B S AR R AR AT B 7
BT EEFRBIRLIR AR K . FE 1 912 ps I, [ SO TE A) FIIE] 6(B53H B) (117 4% 0 0 1 e K, 20 4N
560.0 MPa( %3 4% 1 i IR 58 55 2 550 MPa) 1 545.6 MPa, [R5, 4518 A (1902 4% kb 1 2% 15 345 18 i IR o B
(480 MPa), 4% i von Mises Ji IRVEN], 45186 A FF IR HE A JRF AR B B, SLAS 4538 B (19 I 7 1 A 35 ]
AR %) et TR 3R
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—e— Element of weld bead —=— Element of weld bead
—>— Element of pipe

600 - —v— Element of pipe 600 |

W

(=

S
T

500 |

o~
[
(=)
N
(=)
(=)

Effective stress/MPa
]
(=]

Effective stress/MPa
S
S

200 200
100 + 100
09 . . . . 0y . . . .
0 2 000 4000 6 000 8 000 0 2 000 4000 6 000 8 000
Time/ps Time/us
K5 A5 AH = 2.0 mm) BB AT R ) AR 2k K6 il B(H =0) MR BASTAY R e FR £k
Fig. 5 Stress-time curves of classic element Fig. 6 Stress-time curves of classic element
of A pipe (H = 2.0 mm) of B pipe (H=0)

22 EEMUBSH

H M X770 45 T8 0420 9% 10 RN T A8 T A B KA B AN S I o AR S TN, Bl TR AR ol ) — R 4y
AE TR - AP REHL, LB 25 R K ol il e 7 - rp A% 9 I R 0 1 K, TR K e T A 0% 3 AR T R R T
H) i R AN B 1 S IR/ IN A e FA . 24K Ay A 60.0 cm 141 2 85.0 cm LA S MK 85.0 cm 341 E) 110.0 cm
B, AE A FIAEE B I A1 S KA AL BN 54350 2.303 em., 0.715 em 1 2.300 cm., 0.572 cm, M4 18 A
FIAEIE B 15458 11 19 e KA AL U/ B 43591 4 0.391 em, 0.235 cm H10.373 cm., 0.280 cm., W AR 48 18 4%
TS8R THT ) e RS, RS ol /N i R T R T, R R TR AR b o AT A b AR IR S BRI AR
T, X A5 T AR TRT ™ A S M A, e MAORT T  J TT EL A — o Y SR, DA/ T A R 1 6L
. TEFHFES T A W E B i R B K, HAEXES N 60.0, 85.0 il 110.0 cm B, PIFpIREETE 2
4 T 0B THT ) e R SE R 25 143 1 0270, 0.267 A1 0.124 em, BIVEE 25 4 5 B8 R, 79 ol 2 4 18 2 900 10 3
R T S5 KAV AS 1 25 (B I8 W0/, L d W Y 0 e /N, 4570 A RRIRHIRPT AR B 1Y e ) 55 T4 3H B,
SR, Bl K G R, AR T8 A e i/ NP, A TE M AR TR BN, (A 3 I S A

5 E X7 EENDRENSEENRALB

Table S Maximum displacement of explosion-front and explosion-back surfaces of buried X70 pipeline

Maximum displacement/cm

Types of weld hy/cm

Explosion-front surface  Explosion-back surface

60.0 5.482 0.846

Weld reinforcement (4 = 2.0 mm) 85.0 3.179 0.455

110.0 2.464 0.220

60.0 5212 0.943

No weld reinforcement (H = 0) 85.0 2912 0.570

110.0 2.340 0.290

23 EEFUMTSH

2 6 S WIS ] 2 A % (1 JL Ml KR 2 A5 AR R TR R T I B R AR RN A8 e . ISR 6 R, 45E A
FIETE B 114 5 R A5 500 A8 TR 8 9 1 R0/ o 244 = A 60.0 em 35K F1] 85.0 cm B, 4573H A FIEIE B
) e R A5 A5OUNE AR 3 S /N 2 58.12% T 61.13%; 24 4 51 M 85.0 em 3 K ) 110.0 em i, & 18 A M iE B
) e A5 50N A8 4 S /N 24 45.92% FiT 38.05%, E K i AH [T, 45738 A A 5 R SR 48 KT8 1E B, H
BB A I RSN AR T R4 Ay v R T, TSI B0 I K S5 3000 A8 76 A5 4% 548 18 b — e Y R N T A
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A 48 5 A I oy S AR Y IR, A A TR RS S
EIE Y R I Rl AR AR E

Table 6 Maximum effective strain of buried X70 pipeline
with different blasting heights

fatn A = Types of weld hg/cm  Peak effective strain/10~
24 & JE*E?EQ;FE 60.0 9.937

37 WM F RS A g Weld reinforcement il
T AR TG4 624 3 v LT X 7 T 9 B K A (H=20mm) 0o 2251
SRR A 7 AT LU Y, PR A SR I 5 i 00 577
3OO A8 TR AL A8 T 15 KB 5 W g P B 2 KR gk No weld reinforcement o o 5673
T /0N, L A8 T A 05 A ik 24k T 4R T 3 H=0) 110.0 1656

Y] 300 KR THT A2 R L RR B R R AR . R

hy 9 60.0, 85.0 F1 110.0 cm I}, 4 18 B (1% 30 #5% I (Y 5 KR 3l 3 B2 B8 10 A K, 20 4% 1D 22 1640 30l
1.600., 0.539 1 0.329 my/s, 1M1 1545 1] 22 (L 7E 0.200 my/s LAPY . 45 T8 W (1] 198 i 255 76 M J52 B ) 48 R T o /N 12,
MY T A BN T 45 T8 e AR O AR 1) JEL R, R R Ay A A 7 ) RE TR R S U A I
E PRI/ o X P A HEHURMEIR 2 M RBOE T4 18 B, HL7EE R 60.0 cm B, 4518 A HKHTIR 3
PERERI LA I

F 7 Hih X70 EENIDREMNERE & KIRE

Table 7 Maximum vibration velocity of explosion-front and explosion-back surfaces of buried X70 pipeline

Maximum vibration velocity/(m-s™)

Types of weld hyfem Explosion-front surface ~ Explosion-back surface

60.0 22.748 4431
Weld reinforcement (H = 2.0 mm) 85.0 9.316 2.817
110.0 4.503 1.693
60.0 24.348 4.294
No weld reinforcement (H = 0) 85.0 9.855 2.867
110.0 4.832 1.746

V1 7 4y i e A 5 14 5 250 —e— H=2.0 mim, =600 e

AT B R R . M AR Ay 30 R 60.0,
85.0 F11 110.0 cm B}, 8 A 4538 B 18 85 KHR
A B 1] 4351 SR 2 560 ps T2 560 ps. 4 500 ps Al
4 600 ps. 7200 ps F17 200 ps, B R 58I 094
TH A B de R R S A I R 25 (E 9 7E 100 ps A . X
ot B T e R T =10 45 3 T ) o IR S 1 e ] 2
BLZ Y RS, 52 AT X B /N

3 & i

(1) 4 4E =4 60.0 cm B, FIRRAR S IE A 11
b X70 K AE T AR AT TR AR AR 7 2
BLRE A7 4R T, R SR A Ax i 9 4 38 52 N S 4R T R
MR, Ho2x e T AR S J0 A% i A Gl A i B B

—e— H=0 mm, /;=60.0 cm

—4— H=2.0 mm, /;=85.0 cm
—v— H=0 mm, /#;=85.0 cm

H=2.0 mm, /;=110.0 cm
H=0 mm, /,=110.0 cm

X-direction vibration velocity/(m-s™")
)

1 1 1 1 1 1
0 2000 4000 6000 8000 10000 12000
Time/pus
7 LA AT B R I AR 2

Fig. 7 Velocity-time curve of typical pipeline elements

(2) 4 4E 80 60.0~110.0 cm I, Hy T4 2y ELE AR I Tl 4k i, ELAE = ] 9 AR LA TR0 I
H THTELAT — JE B SCHEATE T, Rl R S XA 2 20 AR T ) e K (SRS 34 R T i MR T ) e KRS o K
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60.0. 85.0 cm I, FAEEAT 4y e 098 T8 B AR HR T AL IE AU RE ) W (.58 T AR 48 o R A Al

(3) P48 0 A% i A T B BT A% i A T (7 5 55 A 3 0 SR AL ) IO A B DA P T, Bt R A 4

S 4 R R T MR

(4) TERHTR] B0 18 1 2y 1, AR A8 A R A B T IR S A PERE AL TR GE E R R A T8 o 25 8 M R 2 1F

T ARXS ARG 2, e i X 5 0 A DA I Y e R R ke AR
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Dynamic Response Analysis of Buried X70 Steel
Pipe near Weld Zone under Blast Loads

LI Zhengpeng', QU Yandong'?

(1. School of Civil and Architectural Engineering, Liaoning University of Technology, Jinzhou 121001, Liaoning, China,
2. College of Civil Engineering, Dalian Minzu University, Dalian 116650, Liaoning, China)

Abstract: The influence of blasting seismic effect on buried pipes has been an important research hotspot in
the field of engineering blasting. Taking two kinds of buried X70 steel pipes with Y-type welds (groove with
2 mm weld reinforcement and groove without weld reinforcement) as examples, the dynamic behaviors of
buried X70 steel pipes near the weld zone under blast loads were studied numerically by the finite element
software ANSYS/LS-DYNA. The blast loads are formed by detonating 4.473 kg TNT with different blast
heights (60.0, 85.0 and 110.0 cm). The results show that when the blast height is 60.0 cm, the pipe with weld
reinforcement is greatly affected by stress concentration and that it yields earlier than the pipe without weld
reinforcement. When the blast heights are 60.0 cm and 85.0 cm, the ability of the pipe with weld
reinforcement to resist deformation is significantly weaker than that of the pipe without weld reinforcement.
The interaction between soil and pipe supports the explosion-back surface of the X70 pipe, which can
effectively reduce the displacement of the explosion-back surface of the X70 pipe. Under the same
conditions, the vibration resistance performance of the X70 pipe with weld reinforcement is weaker than that
of pipe without weld reinforcement. Moreover, compared with the weld form, blast height plays an important
role in the maximum vibration velocity of the X70 pipe near weld zone.

Keywords: blast loads; X70 steel pipe; buried pipeline; dynamic response
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