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Comparison of experimental and numerical correction factors from seam weld
fracture energy by drop weight tear testing of gas transportation pipelines
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Article Information Abstract

Original Research Paper In addition to non-destructive testing, the weld joints in large structures must also be confirmed by mechanical
Received: 5 July 2022 destructive testing (such as tensile and impact tests). Drop weight tear test (DWTT) is a reliable test to evaluate
First Decision: 15 July 2022 ductile fracture and crack arrestability of pipelines. Previous research has focused on measuring and comparing the
Accepted: 26 July 2022 base metal fracture energy from DWTT using finite element and experimental methods. However, in the present

research, the spirally welded seam of API X65 steel specimens were machined from an actual pipe and tested using

Keywords:

Drop weight tear test
Spiral seam weld

API X65 steel
Correction factor
Pipeline failure model

DWTT. The load-displacement curves obtained from both numerical and experimental methods have been evaluated
and compared regarding correction factors. Using the obtained correction factors (from important characteristics of
the load-displacement curve such as total absorbed energy, crack initiation and propagation energy are used), the
load-displacement curve of simulation can be relied upon with acceptable accuracy. Real curves can be obtained with
a relatively large amount of time and money. For the steel used in the present study, the correction factor for base and
weld metal is 1.8. The use of this value will also be acceptable for steels of the same grade. The weld metal correction
factor using the simulation (based on Gurson-Tvergaard-needleman method) was 1.7, which was slightly different
from the experimental value.
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Fig. 1 Drop weight tear test specimen with pressed notch, hammer and
support
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Table 1 The dimension of drop weight tear test specimen according to
the Fig 1
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Fig. 3 a) Force-impact time diagram, b) Velocity-hammer displacement
diagram, c) Force -hammer displacement diagram, d) Energ -hammer
displacement diagram
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Fig. 2 Welded specimen in the drop weight tear test machine
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Table 3 The results of the drop weight tear test of the API X65 spiral
welded steel specimen (t is the impact time, F is the impact force, s is
the hammer displacement, v is the hammer speed, and E is the impact
energy)
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Table 2 Specifications of the drop weight tear test machine
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Table 4 Absorbed, initiation and propagation crack energies of the drop
weight tear test API X65 spiral welded steel specimen.
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Fig. 4 The fracture surface of the drop weight tear test specimen with
spiral welding
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Fig. 6 Showing the removal of elements in, a) 1.44 milliseconds, b) 2
milliseconds, ¢) 3 milliseconds, d) 8 milliseconds
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Table 5 The results of drop weight test and the simulation performed
on the API X65 spiral welded steel specimen with a press notch (F is
the impact force, s is the hammer displacement and E is the impact

energy)
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Table 6 Absorbed energy, energy of initiation and crack propagation of
the drop weight tear test and simulation performed on the API X65
spiral welded steel specimen
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Fig. 8 The curve of force-displacement obtained from simulation
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Fig. 9 The curve of force-displacement obtained from the drop weight

tear test and simulation

5 sbsio a0 (ialesl Sl esel sy (IS0 i —5 i e 4 S0
ol plxl (g 5lwands

Y ooolask 4 095 N E ) élb)';.gbﬁéuﬂ),ijmbuuwé.i@



Obed 9 S5 31 S3u%e ST Sl

b O JUs! boglad 3935 s (53 331 ) Juols ($33€ 9 (5375 Z 0l il pud Auingliio

Jg5 000 (gilwaccd 5 ol s 4 S (g5, ok
kol Ghgy 4 eads Gilwand Jao 0 K0 Oile 4 0y
Wl o0l Cawd 4 S wo ;0 FelSs (65,50 (g ,S 0o
S SudF A sl (B9, 93 0 50 el pd lade Ll
Ll 51O 00l iluwand Jow 50 5 VA oy25 by, 4o)
S5,y 655 4 CwSs (55 S o ol pe &S
5 655N Ol =gy (G i sladatiive Wil o
L (S5 g9r® 655l ez 3 S5 08, (655l i Qi
“ox e (28 gl Al (g Sl osls sl sg5 o
(ilizee mlio ;8 059 SRRl ddnen (S0 s
a5 Qalize bbo¥gd Aol ool eolaiul b cpl sl

Sz Gl wmlos Cann Gialesl b S L plas
Sly g alizes sl oy, b soue (gilwand gl oo, Lol
2,5 solatwl aliwe slaoysd

PR g gl -F

Ol 18 LSl po Bld a4 wows Sligad g dg) oS5
6 San gz Eslo waige BT 5l 5 APIX65 (co¥sd aly)
2 9dee S g ol Ghalejl plil g baaiges cols o
Jedos Gl 5B e w850 (6,5l8 9 iy Ca el i
B o (bghe b dle Sole slaansa 5l piu (sl
led oo (SI0,08 Wi o Rl L S i ieghy 7ok

&=y

[1] T. Hara, T. Fujishiro, Effect of separation on ductile
crack propagation behavior during drop weight tear
test. In International Pipeline Conference, Vol.
44212, pp. 321-327, 2010.

[2] ZJ. Ren, C. Ru, Numerical investigation of speed
dependent dynamic fracture toughness of line pipe
steels. Engineering Fracture Mechanics. Vol. 1. No.
99, pp. 214-22, 2013.

[3] L. Pussegoda, A. Fredj, A. Fonzo, G. Demofonti, G.
Mannucci, B. Rothwell. Ductile Fracture Resistance
Measurements in High Grade Steels. In International
Pipeline Conference Vol. 42630, pp. 201-208, 2006.

[4] M. Di Biagio, G. Demofonti, G. Mannucci, F. Iob, C.
Spinelli, T. Schmidt. Development of a reliable
model for evaluating the ductile fracture propagation
resistance for high grade steel pipelines. In
International Pipeline Conference, Vol. 45141, pp.
553-563, American Society of Mechanical Engineers,
2012.

[5]I. Scheider, A. Nonn, A. Vélling, A. Mondry, C.
Kalwa, A damage mechanics based evaluation of
dynamic fracture resistance in gas pipelines. Procedia
Materials Science. Vol. 1, No. 3, pp. 1956-1964,
2014.

Y opleud 4 0093 N E-N Sl A ol pl 3dgs 9 waln Swaiie

ol aaly Slge sl Fhe 4 g Wl Cenns Sialejl
il pliebl BB Wiy co s00e bg, b o] annlie (ol ple
Syl o Gialeyl g goae s o BB as Ll )
Silgi o ool glrannlio b By, » 4SS wal pislclus
@ode slaghy, 4 sleiel Cqx Iy ol Scare 5 ol Saagy
oo ol prelne Lis (gilwacd o oul a8 § IS
o solSisle;] 0 Ygere ool e (bghw 4o
dls § CanSls prlaw oamline b LS s )0 5 0,105 59>
BB 5 sjlastnl bl avslie 5 (cbyp cusls mlaw duoys
Syl o ol Caglie 5 wised (Sejir oog s
@ Olgiee ol oy annlio b bl oS oo Jol> (Lol
90,5 4SS Job b cdo b s onds bl slasjluans
Sl ) 1y sl 5l 00 glysinl oS g foges
Loss aipjo g By Joowia Wb o] (oaly polie (50,51 oy
Ao gz a5 05 daxgl Wb Cadly pose (W g0l
OB eiimgyd (e e slraatie ) el oy
S35 e 9 S5 Al 65 el Sda S (655l il
Geiod )0 oolaiul 9,90 3Ygd )0 05 o ool S5 £g,0
genbe (B0 9 [Vo] 4l Ve ln Mol eyl pol>
L slooYed slp Jlade cpl 5l ooliul .ol odel cawas VA

g daly> Joud BB 5 ki w0 S

G S 4o -0
Y58 gasle (9750 Sl (655 (et 4yl Bdiod o
a0 Suleyl sleslaiwl b goue 5 028 &ys0 4 APIX65
3l W w5l A 0y9e sladiges al aBloy osi
Gsl> a>b I APTSL3 o lasbinl gllhe 8 Jas! byl
B diges by 50 Bez e &5 SlaisS a) male (hei)0
sl 25 5 4 gl b A (05

Wgad CanSd (5551 w0l plowl (bsie wye el o
sdel Cawd 4 Jo5 VA Slaie o oMol cuyo 9 FYVY Ll
odls ol s (o oad al) solpring Pl cu o Ll
5 oad aloml Lialejl s el o j95 5 Vbl 20
sodly gl 5 45 oIS s | sladiped (55, 2l (5
ol 485 ploxl cloas la (65,3 sl bglas

APT5L3 o lailkiwl (g5, lhls diged soae (gilw Joe
pLrl ygms 5 00 23Lol Jow a4y (waSLI Jl33le 5 )0 58
L o5 @l ool plnl ilaand 5 05 @mls ol

\ed



Obed 9 S5 31 S3u%e ST Sl

b O JUsl boglad 39353 s (53 331 ) Juols (§33€ 9 o175 Z0l wol pub duinsliio

[15] SH. Hashemi, Correction factors for safe
performance of API X65 pipeline steel, International
journal of pressure vessels and piping, Vol. 86, No. 8,
pp- 533-40, 2009.

[16] T. Kobayashi, I. Yamamoto, M. Niinomi,
Introduction of a new dynamic fracture toughness
evaluation system. Journal of testing and evaluation,
Vol. 21, No. 3, pp. 145-53, 1993.

[17] B. Tanguy, J. Besson, Piques R, Pineau A. Ductile
to brittle transition of an A508 steel characterized by
Charpy impact test: Part I: Experimental results.
Engineering fracture mechanics, Vol. 72, No. 1, pp.
49-72, 2005.

[18] G. Demofonti, G. Mannucci, H. Hillenbrand, D.
Harris, Evaluation of the suitability of X100 steel
pipes for high pressure gas transportation pipelines by
full scale tests, In International Pipeline Conference,
Vol. 41766, pp. 1685-1692, 2004.

[19] SH. Hashemi, Apportion of Charpy energy in API
5L grade X70 pipeline steel, International Journal of
Pressure Vessels and Piping, Vol. 85, No. 12, pp.
879-84, 2008.

[20] AA. Majidi-Jirandehi., SH. Hashemi, Weld metal
fracture characterization of API X65 steel using drop
weight tear test, Materials Research Express, Vol. 6,
No. 1, pp.016552, 2018.

[21] America Petroleum Institute [Report].
Specification for Line Pipe. 45th Edition.
Washington: American Petroleum Institute (API);
2012.

[22] AA. Majidi Jirandehi, SH. Hashemi, Investigation
of macroscopic fracture surface characteristics of
spiral welded API X65 gas transportation pipeline
steel. Modares Mechanical Engineering, Vol. 17, No.
11, pp. 21901228, 2017(in Persian ~_\8).

Yy

[6] H. Wang, G. Wang, F. Xuan, S. Tu, Numerical
investigation of ductile crack growth behavior in a
dissimilar metal welded joint, Nuclear Engineering
and Design, Vol. 241, No. 8, pp. 3234-43, 2001.

[7] V. Tvergaard, A. Needleman, Analysis of the Charpy
V-notch test for welds. FEngineering Fracture
Mechanics, Vol. 65, No. 6, pp. 627-43, 2000.

[8] A. Nonn, C. Kalwa, Simulation of ductile crack
propagation in high-strength pipeline steel using
damage models. In International Pipeline Conference,
Vol. 45141, pp. 597-603), American Society of
Mechanical Engineers, 2012.

[91G. Simha, S. Xu, W. Tyson. Non-local
phenomenological damage-mechanics-based
modeling of the Drop-Weight Tear Test, Engineering
Fracture Mechanics, Vol. 1, No. 118. Pp. 66-82,
2014.

[10] C. Simha, S. Xu, W. Tyson, Computational
modeling of the drop-weight tear test: A comparison
of two failure modeling approaches, Engineering
Fracture Mechanics, Vol. 148, pp. 304-23, 2015.

[11] E. Fathi, SH. Hashemi, Experimental, numerical
and analytical study of energy absorption in drop
weight tear test specimen with chevron notch on API
X65 steel, Journal of Solid and Fluid Mechanics, Vol.
10, No. 2, pp. 951110, 2020 (in Persian ).

[12] America Petroleum Institute [Report].
Recommended practice conducting drop[Iweight tear
test on line pipe. 3th Edition. Washington: American
Petroleum Institute (API); 1996.

[13] W. Maxey, 5th Symposium on Line Pipe Research,
AGA Catalog, 1974.

[14] J. Wolodko, M. Stephens, Applicability of
existing models for predicting ductile fracture arrest
in high pressure pipelines, In International Pipeline
Conference Vol. 42630, pp. 115-123, 2006.

Y ooolows 4 093 N Ex ) Slsa ol RVIPL I REIRN FOppiTR Vs



