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ARTICLE INFORMATION ABSTRACT
Original Research Paper Structural—integrity assessments of pipelines play a key role in the design and safe operation of pipeline
Received 17 July 2016 systems. Gas pipelines currently experience internal transmission pressures up to 15 MPa in low

Accepted 20 October 2016

Available Online 08 November 2016 ambient temperatures. Combination of high strength and good toughness is essential for the steels and

welded joints used in pipelines. In this study, the K,c toughness has been determined for base metal and
seam weld of a pipe of grade API X65, following the ASTM E1820 standard. The AP1 X65 steel is the

Keywords: ) e . h A

Natural Gas Transmission Pipelines most commonly used pipe material in Iran high—pressure gas transportation pipelines. The fracture
AP X85 steel toughness tests employed side—grooved and fatigue pre—cracked compact tension specimens, extracted
Fracture Toughness from the original pipe, to determine the crack growth resistance curves based on the unloading

Longitudinal Seam Weld

Unloading Compliance Method compliance method using the single specimen technique. From these, Kic values of 302 MPam®® and

262 MPam®® were obtained for base metal and seam weld, respectively. These results produce
toughness data which serve to evaluate and compare crack growth resistance of base metal and seam
weld metal and to determine the critical sizes of acceptable cracks in pipelines.
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® Widmanstatten
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! Unloading compliance method

2 High strength low alloy steels

® Thermo-mechanical controlled rolling (TMCR)
* Acicular ferrite
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Table 3 Fracture toughness test results for base metal
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Table 4 Fracture toughness test results for seam weld

Ji \]pli Ki (Aa); CciX1078
(kIm?) (kIm?)  (MPam®®) (mm) (MmN S
94.3 52.5 98.2 0.04 0.9321 Js!
129.8 73.3 114.2 0.09 0.9389 pgd
167.8 96.7 128.1 0.16 0.9464 Pom
209.2 123.7 140.4 0.25 0.9576 ool
246.4 151.5 148.1 0.32 0.9661 pes
2814 178.9 153.8 0.43 0.9815 o
314.1 206.1 157.9 0.57 0.9968 POTTY
348.0 236.1 160.7 0.65 1.0078 i
381.1 266.1 162.9 0.76 1.0219 o
412.7 294.5 165.1 0.88 1.0368 P
440.0 318.7 167.3 1.02 1.0581 2350
462.1 338.8 168.7 1.12 1.0702 PESSIN
4804 352.5 171.8 131 1.0986 R jann
493.2 360.7 174.9 1.50 1.1276 o2,k
501.6 363.3 178.6 1.72 1.1598 w2335
700 77 7
600 - ;’
i’
500 -
o~ J=497.7(Aa)?** ’
£ 400 A R =099 7
& 300 - o;
¥ ‘_." Construction line
200 A K AN 0.15 mm Exclusion line
,-‘/ — — = 0.2 mm Offset line
100 ® S e 1.5 mm Exclusion line
0 ."'/ 2

0 02040608 1 12141618 2 22
Crack Extension (mm)
Fig. 10 Experimental J —Aa data for base metal
g Gy gl d —Aa 5,25 sl 0ols 10 Y&

11 o jlois 16 )93 1395 O (ORI Swlle w iy


https://dorl.net/dor/20.1001.1.10275940.1395.16.11.26.9
https://mme.modares.ac.ir/article-15-5885-en.html

[ Downloaded from mme.modares.ac.ir on 2024-04-25 ]

[ DOR: 20.1001.1.10275940.1395.16.11.26.9 ]

Ubled 9 ol Juag

SIS )20l 5o 3 Uiy a3 API XE5 .\a)fl.»)ldeﬂ.HIAJ,JIn&m‘y“a,;))é’mbvéy,smuio)nv;d)mw

&=t

[1] M. A. Carbal, M. J. Kimber, Pipeline fracture experiences in Australia and
north America, Pipeline fracture experience, version 3, pp. 1-21, 1997.

[2] J. B.Ju, W. S. Kim, J. 1. Jang, Variations in DBTT and CTOD within weld
heat-affected zone of API X65 pipeline steel, Material Science and
Engineering A, Vol. 546, No.1, pp. 258-262, 2012.

[3] S.F. Medina, L. Rancel, M. Gomez, J. M. Amo, Prediction of Kic in a high
strength bainitic steel, Engineering Failure Analysis, Vol. 35, No.1, pp. 524-
532, 2013.

[4] A. A. Baron, The generalized diagram of fracture toughness for pipeline
steels, International Journal of Pressure Vessels and Piping, Vol. 98, No.1,
pp. 26-29, 2012.

[5] ASTM standaed: E1820-13, Standard test method for measurement of
fracture toughness, American Society for Testing and Materials, 2013

[6] X. Zhu, J. A. Joys, Review of fracture toughness (G, K ,J, CTOD, CTOA)
testing and standardization, Engineering Fracture Mechanics, Vol. 85, No. 1,
pp. 1-46, 2012.

[71 M. Nakhaei, S. H. Hashemi, Investigation of continuous cooling
transformation behavior of APl X70 gas and oil pipeline steel, Modares
Mechanical Engineering, Vol. 15, No. 4, pp. 133-140, 2015. (in Persian .5

[8] API standard: 5L-44, Specifications for line pipe, American Petroleum
Institute, 2012.

[9] S. H. Hashemi, D. Mohammadyani, Characterisation of weldment hardness,
impact energy and microstructure in APl X65 steel, International Journal of
Pressure Vessels and Piping, Vol. 98, No.1, pp. 8-15, 2012.

[10] ASTM standard: E8/E8M-11, Standard test methods for tension testing of
metallic materials, American Society for Testing and Materials, 2011.

[11]9. S. Lee, J. B. Ju, J. 1. Jang, W. S. Kim, D. Kwon, Weld crack assessment
in APl X65 pipeline: failure assessment diagrams with variations in
representative mechanical properties, Materials Science and Engineering A,
Vol. 373, No. 1, pp. 122-130, 2004.

[12] Z. Z. Yang, W. Tian, Q. R. Ma, Y. L. Li, J. K. Li, J. Z. Gao, H. B. Zhang,
Mechanical properties of longitudinal submerged arc weded steel pipes used
for gas pipeline of offshore oil, Acta Metallurgica Sinica, Vol. 21, No. 2, pp.
85-93, 2008.

[13] S. H. Hashemi, M. Kymyabakhsh, Experimental and numerical
determination of fracture toughness in gas pipeline steel of grade APl X65,
Amirkabir University of Technology, Vol. 45, No. 2, pp. 1-9, 2013. (in
Persian .,5)

[14] A. Farrahi, S. H. Hashemi, Experimental evaluation of fracture toughness in
spiral seam weld of thermomechanical steel, Journal of Solid and Fluid
Mechanics, Vol. 2, No. 4, pp. 25-35, 2012. (in Persian ...,3)

11 olesis A6 0,95 1395 (yaus (puide Swlfe wire

Wyl bglad (Sejiz (o) 50 5525 5o b Glsl sl Gyl 3l »ol>
ol o ool 51 i

Sladss mls b oe> ol jols aass o ool Condy mls
Shsziy 3 6% sl 1, Kie polis [11] g po ctigad sty i)lo Lo o
65,5 oyss 267 MPam®® 4 300 MPam®® i, .5 54, API X65 gl
D92 550 9 4 6l 55 [12] o e dags oo alone Kig polie .ol
el sl e 250 MPam®® , 282 MPam®® s 54 @y oo
Sl MigeicSS g, 51l e wiile 95 ek s [12] 5 [11]
ol 5x855 g Ll Gubiod o 09290 Dgles Lales S eolinwl Kig (ot
bl lade m (Sejiz Koo lae G Jic gl Ll a5 casl ol o
alaly 51 Kie w6yt s 3 08,8 aasls |, 155 S Sussl
Dlalej] dges Crizmad Ailosges solitul 358 Jlre 90 (o d5ge oL,
uM.aLA)] 4;9..«.: )| s_)jLM ‘a)L;".'l S)90 &0 99 (5L®$»)f BN solazul OSy94
. 2 . o .. . e
308 MPam®® i, 1, AP1 X65 aly) o Kic e [13] gz o o L5l
bug dgd ! Giez3,0 Ko jlade K0 aadod 10 Cawl 00,5 yuss
55 [14] 5 [13] golpe .conl 00 sl 265 MPam®® 1, [14] x> 5
Ohalesl digad 5 gligeiniz (bg) 5l pole Bk NS 093 e
AW laglas ol 9929 b oailos )57 oolaiwl ad jo axly i b s

Pl 9 pody -6
e e ol 58 e o558 5 il olles et aibae )

Db S0,08 o Sas AP XB5 oY gs alg) ilds

! Crack tip opening displacement (CTOD)
2 Single edge — notched bend (SENB)

290


https://dorl.net/dor/20.1001.1.10275940.1395.16.11.26.9
https://mme.modares.ac.ir/article-15-5885-en.html
http://www.tcpdf.org

