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ARTICLE INFORMATION ABSTRACT

This paper reports numerical simulation of deformation and crack growth in steel pipes under internal
moving pressure. A systematic method was developed for the determination of the detonation driven
fracture problem parameters. The simulations were performed on steel gas pipes. Explosive PETN cords
with detonation speed more than 7000 meters per second were used for creating a confined fracture on
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Keywords: the pipe shells. Two finite element models were created for calculation of internal moving pressure

Crack Growth parameters and simulation of crack growth. The first model was an Eulerian finite element model that

Finite Element Method was created for calculation of moving pressure parameters that were applied to tube shell. The second

Cohesive Element model was a Lagrangian finite element model that was created for ductile crack growth simulation with

Internal Moving Pressure cohesive elements and element deletion methods. The model used the moving pressure parameters,
elastoplastic rate dependent and dynamic cohesive element fracture parameters for simulation of
deformation and crack growth. In the next step, the results of finite element model were verified using
analytical models. The finite element model predicted the axial crack growth length with less than 7
percent error and crack arrest point with less than 10 percent error from experimental results.
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Fig. 1 Experimental setup for generating internal moving pressure in
steel pipe with explosive cord and detonator [6]
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Table 1 Steel pipe dimensions [6]
(MM) cwles  (MM) )15 L (mm) Jsb
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Table 2 Initial condition and test results of specimens [6]
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Fig. 2 Steel pipes and geometry of notch [6]
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Fig. 10 Finite element model with three elements at thickness
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Table 5 Pressure time parameters and elastic properties of steel pipes.

Pst E v T(s) Ps P, Py
(kg/m3) (GPa) (MPa) (MPa)  (MPa)
7800 210 0.3 3e® 0 20 0
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Table 3 The material model parameters for PETN [14] and ideal gas
material model parameters

s>y e sl
mbar 6.25 A
mbar 0.233 B
- 5.25 Ry
- 16 R>
- 0.28 ®
kl/kg 570.66 Eo
m/s 7400 v
- 1 V
kg/m3 1500 Po
JIkgK 287 R
JkgK 717 C
kg/s.m Te-7 X
kg/m3 1.3 Pa
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Fig. 9 The calculated pressure diagram from ABAQUS (A) and
AUTODYN (B) softwares for 8 grams per meter cord.
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Fig. 13 The calculated hoop stress for 16 grams per meter cord at
middle point of tube for different internal pressure (80 MPa up — 60
MPa down)
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numeric model (B) at the midsection of pipe.
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Fig. 12 The stress strain curve of steel 37 for static loading [6]
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Fig. 14 The finite element model results for test number 4 at 200
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Table 6 Cohesive element parameters for the different fracture energy.
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Fig. 18 The finite element model results for test number 4 at crack growth
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S5 o, @ler alaxd 1o plez dised gl sgaze Gladl Jow o axs 18 JSCh
Sl (65, @lBre DY 61)-.’

S Mises (Pa)
+8.776e+
+8.149%e+
+7.523e+
+6.i
+6.269e+!
+5.642e+!
+5.015e+!
+4.
+3.761e+!
+3.134e+!
+2.508:
+1.881le+
+1.254e+
+6.26%e+
+0.000 0

Fig. 19 The finite element model result for test number 2
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Fig. 16 The finite element model for the test number 4 with cohesive
elements and initial crack.
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Fig. 20 The finite element model result for test number 3
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Fig. 21 The finite element model results for test number 5 for 90 micro
seconds (A) and 800 micro second (B) at crack growth stopping time
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Table 7 The calculated error between the finite element model and test
results
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