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Numerical investigation of dynamic crack growth in steel pipes under internal
detonation loading
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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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the pipe shells. Two finite element models were created for calculation of internal moving pressure
parameters and simulation of crack growth. The first model was an Eulerian finite element model that
was created for calculation of moving pressure parameters that were applied to tube shell. The second
model was a Lagrangian finite element model that was created for ductile crack growth simulation with
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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Fig. 6 Experimental results of test number 5 [6]
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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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Table 4 The approximated pressure time parameters and the effect of
evacuating gas for tests.

Ps P, P LT el
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115 40 3e*t 80 480 0 5
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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 A
kg/m3 1.3 Pa

o wilboe B zoy3 g9r8 5 S5 o8 sk Al Hlp Ty oley s S
SRl sled Fl s adley pley plp Ty gy el s JB
03,5 Geetd 55k 398 Gl gilwand g 50 bl e Gl ] DY game
slogley 5 )Lad liee 00,5 yie (ileil b Gohate glr o S5 oS
Sl 58 @a oley ol 4 oad ooy ol ploj )Lid e e

Sga dlixo (g0 4 Jpaz 5 Lailes]

Sauoby gl Jo olojl (wly -2-4
LA Ces ) Al ailre gl Agd ojlax 3l sgase Gl Jow SO

200 10cm

0 10 20 30 40 50
Time (uS)

250
30cm 40cm

200 - 10cm | 20cm

150

P (MPa)

100

50 -

L} L) L]

0 20 40 60
Time (uS)

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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Table 6 Cohesive element parameters for the different fracture energy.
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Fig. 16 The finite element model for the test number 4 with cohesive
elements and initial crack.

stz ol 5 sl S5 L o lez aiged Sgama lodl Joa 16 JSi

20 mm notch

o

o ?

Fig. 17 The finite element model for the first test number 5 with
cohesive elements and notch.

oz slogylodl g L b ety diged dgazme el Jaw 17 JSC&

a5 ams oo LS geoge pl el aBL 8l ST FoSob ol
Sty 00 J 7S STl (oAU CenSh altas 50 CnSE (551 Sl
alg S5 J (F,50b Glie 55y 2 pedions 3B 5 0090 5 08,
Siabojl i b 59,55L s 120 Vb slocanSs g5, (ol 4 ouils
TF > Seebus ceSs (5l Sl was Gl cnlnly wsdioe Gelaie
Bl b jludnd 4l Slins 5 0392 altne (25 Gaman Sl g (155
S Sy Jle 0 adl 25,5 14000 olre @ S 5 S
055 500 5 gl (29,5 E 5 a5 K00 (Pl 4 S a5 035 dalixe
200 sgu 0 Sy ad, hawgie Sy b g0 S5 Jlews Wog 4l
SYgh 50 Selus S ad;y Cepes b Brhaie a5 0005 a4l e
55 il sgame Lol Joo s "21 b 19 claJSa" s il e
Siadly S i 5 (S0,50L (liee Cend 00 03,50 53 oy 5 pgu
Gle] s b SIS laaiged aen sl 55 s e g S5 Jlg>
IS8 i (3 JLad (sla el )y a5 aad o0 s s (nl 09 Balaie
Sl 5l Salins Sl 6551 5 NSk 25 analy Sdly

il

Bgd 3 s 4 4¢3 b (piline 00 @S (gw) 2 -5
Silodae 2 F5e slrondy 5 (goue A5u ;0 ool &l @S 4 axgi L
Sleoyd g oy (nl 33> (w2 & 25w (nl )0 ST 5 (o8L ceSs

el o0l n\...>|o)_\ Oz S50

09 59y y» &yl OYgaxo jl owilo Sb HLiS 51 w15

J);u\.:))
$9) o> Zloal lawgs S5l o Lil 30 dedde jisu 0 aS jebles
a5 00 5 oo Caw ol i e jo S ol cel gl Jlad T eSS

9 opleibs 17 095 1396 ,3T (I3 SHlle (Swiue



3L prmuzole 9 (5 sl pams

GBS I3 I1ITHL 31 ) S3Y9d (slaalg) HS Saolind I y5 Jub) s33e Asllbs

oa3 S5 0y Gbl Jolhe o SVgame Jlid 15,85 a5 5o pge 3l
Ao 0g 0y laulgl 51 S5l ol B8 25y 50 a5 5k les gl o
b opl cdl g S el b b calply S oo wl; SV game jLid
Slirlpln 298 (oo Bgie S5 5 i) G 5l S 5 e psla (6531 (S
Sy ele silwand 0 wgdi sws lanl ST Gl siledas 5o
s S5l Joe g 03,8 ) 0k S pe b S5 g SuBls aaleSs sezg
Iy opmiizee a5 cog Jole plply 00,5 oo (HBlg ol 3l i (So S0k
5 BBl jled pals Jele wasl 00,5 895 il jo Bl poe oo
J11] Sig [20-T] S5 e Lawgs 45wl o S5 a, SLL J>lpe
wiy 7] Sl ol oais s 3 ks o [14] o0 [13] g5 [12] O
Bigle 5 Ab) Sy o falS fele plpea |) S5 asS (S
g lal 5l (L3ls jlad (8,5 L5 o a5 0 S e ol o] oS
oo po S By g Sl el gileans bulyl o o] (elS
Joe 50 (Fd S oS de ony @ ST oalpln 905 o0 Sy
A aSpsbar os walss S L o 1 sl anils sgz
@ a5 [12] S 5 [11] Kigus .o ,5 anlgsns Llod ay jo ol o] 58,5
S5 i gl 4 g2y (o wilaiSley dlias J> 4 BsS 8 )
Siloannd lais g0 4ol 4 S5 o) pls s oo S5 4 5 Wlosges

.V\cho; 43|)| l) QT @tﬁ}b&;;ﬁ}l&) |)

O 5 oy ylicie yul oy Y ouwy o -3
g S5 ool ab; gl Jele an oS aao o0 LS 39 Beiod @l
S glpel S5 Cepn gl Jale ks g2y oy, e g onig,
S pse ol o)l on (1] Ll ue a5 wilboe Sy 8 o ey
sloslo glgal 5 grim S5 Bl o8 4 Seo S 93 (nl &5 (WG
S pp Sox 0 glosl g oy e S S Su o el
P S S5 L ekl 9y (plea loy e cplpl S s
sy S5 Ol gl el a5 cl onig; e Sl i on)
Ol eannly anils by glds ol Ceju 5l 45T 90 j0 Ll 005 e
sloyell Sl e 4 ol @mls jo 00 salis S5y snny
LSy eloals sl Cowys DY guazme JLid 28 )55 s o S 0 cunsll
odig) sl S5 9 00,5 &S > SIS gae Sty F3F g (YL Sy
5 el 0ls Fy oliily g olen cpl s sl 00,5 wl) iy
TA00 155 zse o8 o S oyl i s ond alal slagisles]
50 200) 3Yg8 10 S5 ES o et G SVL Sl 4T el 4l e
Dgd sod 0038 00yl 9 005 (4l

b wBlys il e adsl BISE wily Jsb ooy liie el a3, pes ale
G S a4 a6 S8 > 4 £, Ay e S 5l a5 ST
Jsb [98] 55,5 ol it o o 5 SIS el by oy oo SISE
SO Sy |y sl S g 00 (siludde Supol ]y gl S5

9 9rb S5 Sgh WL )L (S5 ol st 0D pg Jele
T e & ol aBboe JEI il zgr ple 0 gy
90 4 Jloel Jge jlad il (LS S5 90 gl dg) S5l slals
Gl g waleis LSy dgl JBIs el oLl addss s S5 e
Saail de o5 [B] sl e Giolej] @l 0 KjaS ©jg0n g550
g g0 0390 Al oo Ao o Cons 4 K03 S

9 ol 17 095 1396 ,3T (e Sle (Swiye

S Mises (Pa)

+8.011le+
+7.438e+!

+0.000e+00

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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Fig. 22 The finite element model result for cirak [15]
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