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Fracture Characteristics of D 3507 and D 3631 City Gas Steel Pipes
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Abstract : It is noted that KS D 3507 pipe steel has several problems when it is used as a city gas pipe at medium
pressure. So new pipe steel, KS D 3631, was developed in order to be used as a pipe for medium and low pressure
and now it is being substituted for D 3507. In this study, several mechanical tests, such as tensile test, microhardness
test, and Charpy impact test were conducted to get material properties of D 3507 and D 3631 pipe steels. And also
microstructures at the weld and heat affected zones were observed for the two materials. From the Charpy test results
Kic was estimated for the upper and lower shelf and the critical crack length is calculated for supposed axial semi-
elliptical surface cracks. And the burst pressure is estimated as a function of wear depth for a defective D 3631 pipe
by using the finite element method. The burst pressure is also calculated for pipes with an axial crack by using the

published equations.
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Table 1. Tensile properties of test materials (unit: MPa)
NB NW SB SW

Specim
-en No. O | Oy | Oy | Oy | 0y | 04 | 0y | 0y

#1 1337.1)393.7 | 311.8 | 390.6 | 330.7 | 434.6 | 337.0 | 437.8

#2 | 384.3 | 456.7 | 320.3 | 442.5 | 371.7 | 440.9 | 346.5 | 425.2

#3 13654144721 317.0 | 431.2 | 362.2 | 431.5 | 359.1 | 431.5

average | 362.3 | 432.5 | 316.4 | 421.4 | 354.9 | 435.7 | 347.5 | 431.5
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Fig. 1. Optical microscopy of test specimen
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Fig. 2. Hardness distribution of two materials
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Table 2. Calculated burst pressure values from several equations
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B5Y Wl B B Ao gl Aol
eitd oz sprufdel $9e A% st

wjge] ZHAE s 3ok 22 Al7ke] A
ol ma o w o] 8RS el 2

T s

Longitudinal Crack Le mm
Equations ngi ngth ( mm )

10 20 50 100 150 200

Normalized Crack Length (3 ) 0.3038 0.6077 1.5192 3.0383 45575 6.0767

Bulging Factor (M) 1.0198 1.072 1.3417 1.9423 2.5897 3.2456
Belgatome -

Normalized Pressure (PN) 0.503 0.4786 0.3824 0.2641 0.1981 0.1581

Critical Pressure (P, MPa) 17.9897 17.1143 13.6739 9.4458 7.0843 5.6526

Normalized Crack Length (4 ) 0.3038 0.6077 1.5192 3.0383 45575 6.0767

Foli Bulging Factor (M) 1.0183 1.0713 1.3868 2.1662 3.051 3.9712

olias

Normalized Pressure (PN) 0.5696 0.5414 0.4182 0.2677 0.1901 0.1461

Critical Pressure (P, MPa) 20.3694 19.3614 14.9571 9.5752 6.7986 5.2231

Normalized Crack Length (4 ) 0.3038 0.6077 1.5192 3.0383 45575 6.0767

EPRI Bulging Factor (M) - - - - -
Equation #1 -

(1991) Normalized Pressure (PN) 0.663 0.5369 0.3702 0.2441 0.1704 0.1181

Critical Pressure (P, MPa) 23.7088 19.2001 13.2399 87312 6.0938 42226

Normalized Crack Length (4 ) 0.3038 0.6077 1.5192 3.0383 4.5575 6.0767

EPRI Bulging Factor (M) -

Equation #2 -

1997) Normalized Pressure (PN) 0.5539 0.514 0.4127 02916 0.2123 0.1603

Critical Pressure (P, MPa) 19.8082 18.3813 147576 10.429 7.5916 5.7316
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Fig. 8. Detalled FE model for F-type wear
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