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 Structural integrity assessments of pipelines play a key role in the design and safe operation of pipeline 
systems. Gas pipelines currently experience internal transmission pressures up to 15 MPa in low 
ambient temperatures. Combination of high strength and good toughness is essential for the steels and 
welded joints used in pipelines. In this study, the KIC toughness has been determined for base metal and 
seam weld of a pipe of grade API X65, following the ASTM E1820 standard. The API X65 steel is the 
most commonly used pipe material in Iran high pressure gas transportation pipelines. The fracture 
toughness tests employed side grooved and fatigue pre cracked compact tension specimens, extracted 
from the original pipe, to determine the crack growth resistance curves based on the unloading 
compliance method using the single specimen technique. From these, KIC values of 302 MPam0.5 and 
262 MPam0.5 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. 

Keywords: 
Natural Gas Transmission Pipelines 
API X65 steel 
Fracture Toughness 
Longitudinal Seam Weld 
Unloading Compliance Method  

 

  

-1  

 .
 .

 

 .
 .

 .
1950 

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
95

.1
6.

11
.2

6.
9 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

25
 ]

 

                               1 / 7

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


    

 API X65      

13951611  285  

 .. 
 

]  1 .[
 .

 
 .KIC 

]2[ .KIC 
 .

]3[ .KIC 
 .

ASTM E399  .

 .
KIC ]4[ . 

 .
JIC 

JIC KIC KIC  
 ASTM E1820]5[ JIC 

 .
 .

 .
JIC 

 .
 .

1  .

– 

 .
]6[.  

2  .
 

 .
3  .

 .
 

4 . 
 ]7[ . 

 .

 .

1 Unloading compliance method 
2 High strength low alloy steels 
3 Thermo-mechanical controlled rolling (TMCR) 
4 Acicular ferrite 

 .

]8[.  
  KIC 

5 
API X65 

 .API X65 
6 

 

7 8 ]9[. 

2 -   
 1  

9   .
 

 .
API X65 48 ) 1219  (22 

 .
 .

  
– 

 .

 .2 
 .

1 
 

API 5L ]8[   

3 -   

  ASTM E8 ]10[  3 
4 

 . 
) 22  

 (]10[ .
 

  API 5L]8[ 
  .

 
 .

5 Seam weld 
6 Bainitic 
7 Proeutectoid 
8 Widmanstatten 
9 Girth weld 

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
95

.1
6.

11
.2

6.
9 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

25
 ]

 

                               2 / 7

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


    

 API X65      

  

286  13951611  

 ]10[ .
3 

   2 
API 5L 

API X65   

4 - KIC  

 ASTM E1820]5 .  [5 
 .

1  .)B( )W(  20 
40  .

)    (
 

 
] 1112 .[  

 
6  2  

3  .  
  

  
Fig. 1 Photograph of a gas pipeline  

1   

  
Fig. 2 Photograph of a seam weld sample cut from API X65  pipe 

2 API X65  

1 Compact tension (CT) 
2 Transverse direction 
3 Longitudinal direction 

1 X65 
API 5L  

Table 1 Chemical composition of base metal, seam weld and maximum 
values (wt%) for X65 steel specified by API 5L  

  
  

   
  
  

  
  

 97.764 97.872 ---  

 0.102 0.084 0.12  

  1.6 1.38 1.6  

  0.007 0.001 0.025  

 0.004 0.005 0.015  

 0.279 0.259 0.45  

 0.027 0.013 ---  

 0.034  0.018  ---  

  0.004  0.005  ---  

 0.003  0.201  ---  

  0.05  0.046  ---  

 0.032 0.031 ---  

 0.016  0.025  ---  

 0.043  0.024  ---  

 
Fig. 3 Geometry and dimensions (in mm) of tensile specimens 

3 )(  

  
Fig. 4 Photograph of tensile test specimens 

4   
  

2 API 5L 
X65  

Table 2 Measured mechanical properties and API 5L requirements for 
X65 steel

API X65    
(MPa)  

  
(MPa)  

  510 595  
  530  615  

  450  535  
  600  760  

  

API 5L T L  .

 .
10 1 10 

 .

Seam weld 
Girth weld 

Pipe body 
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1 Side grooves 
2 Crack mouth opening displacement (CMOD) 
3 Clip gage 

  
Fig. 5 Photograph of a machined CT specimen 

5 CT 

 
Fig. 6 Orientation of tests specimens in the research 

6  

  
Fig. 7 Photograph of unloading compliance test equipment   

 7   
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Fig. 8 Load versus load  line displacement curve  

8   

  
Fig. 9 Fatigue and fracture surface of CT specimen   

9 CT 

1 Effective thickness 

) A2.3)   (A2.8 (
 ASTM E1820]5[  .

J (8)   

                                          (8) Ji = 
Ki

2

E
 1  2 + Jpli 

(8) 0.3  .3 4 

J J  
.   

J a   10 11 
 J = 2 Y a 

2  .Y 3 
 .

 2 Y 552.5 
572.5  .
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 .10 11 
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Table 3 Fracture toughness test results for base metal

  CCi×10 8 
(mN 1) 

( a)i  
(mm)  

Ki 
(MPam0.5)  

Jpli  
(kJm 2)  

Ji 

(kJm 2)  
  0.8887  0.06  106.8  61.9  111.3  
  0.8959  0.12  123.5  86.6  152.7  
  0.9034  0.19  138.3  114.7  197.6  

  0.9123  0.26  152.9  145.6  246.9  
  0.9230  0.36  162.7  182.8  297.5  
  0.9321  0.44  167.7  218.6  340.5  
  0.9449  0.54  171.4  254.8  382.1  
  0.9606  0.68  175.9  288.9  422.9  

  0.9734  0.77  178.8  320.8  459.4  
  0.9966  0.95  182.7  348.6  493.2  

  1.0124  1.09  186.2  373.8  524.0  
  1.0412  1.30  190.3  394.1  550.9  
  1.0581  1.42  193.1  413.0  574.5  

  1.0843  1.61  197.1  430.6  589.9  
  1.1129  1.82  201.0  442.4  617.5  

  
4  

Table 4 Fracture toughness test results for seam weld
  CCi×10 8 

(mN 1) 
( a)i  
(mm)  

Ki  
(MPam0.5)  

Jpli  
(kJm 2)  

Ji 

 (kJm 2)  
  0.9321  0.04  98.2  52.5  94.3  
  0.9389  0.09  114.2  73.3  129.8  
  0.9464  0.16  128.1  96.7  167.8  

  0.9576  0.25  140.4  123.7  209.2  
  0.9661  0.32  148.1  151.5  246.4  
  0.9815  0.43  153.8  178.9  281.4  
  0.9968  0.57  157.9  206.1  314.1  
  1.0078  0.65  160.7  236.1  348.0  

  1.0219  0.76  162.9  266.1  381.1  
  1.0368  0.88  165.1  294.5  412.7  

  1.0581  1.02  167.3  318.7  440.0  
  1.0702  1.12  168.7  338.8  462.1  
  1.0986  1.31  171.8  352.5  480.4  

  1.1276  1.50  174.9  360.7  493.2  
  1.1598  1.72  178.6  363.3  501.6  

  

  
Fig. 10 Experimental J a data for base metal  

10 J a   

  
Fig. 11 Experimental J a data for seam weld   

11 J a   
 

5 API X65 
Table 5 Determined fracture toughness values for base metal and seam 
of API X65 pipe 
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