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Experimental Study of Fracture Surface Characteristics of Inhomogeneous Drop
Weight Tear Test Specimen Made from API X65 Steel

M. Tazimi', S.H. Hashemi*", S. Rahnama®
' Ph.D. Student, Dept. of Mech. Eng., Univ. of Birjand, Birjand, Iran.
? Prof., Dept. of Mech. Eng., Univ. of Birjand, Birjand, Iran.
3 Asst. Prof, Dept. of Mech. Eng., Univ. of Birjand, Birjand, Iran.

Abstract

In this study, the fractograghy of the inhomogeneous specimen (including seam weld) of API X65 steel was
performed for the first time by the drop weight tear test. The fracture surface of the test specimen consisted
of three zones of base metal, heat affected zone and weld metal. The test was performed according to the
API 5L standard. The crack initiated with a cleavage fracture from the notch root and then transformed to a
shear failure with a 45 degree angle change to the surface plate and continued to the inverse fracture zone.
SEM images of all three zones showed signs of ductile fracture including dimples of varying size, orientation
and shape. Dimples study from beginning to the end of fracture surface showed that loading from the tensile
state at the notch root was changed to shear loading at the end of fracture surface. Also, faint chevron marks
with high density were observed in the center of fracture surface in the base metal. In the hammer impact
zone, an inverse cleavage fracture was observed, which was enclosed on both sides by shear surfaces with an
angle of 45 degree. The calculated ductile fracture surface was within the standard range and indicated the
confirmed toughness of these steels for the use in gas transportation pipe lines.

Keywords: Drop Weight Tear Test; Fracture Surface; Inhomogeneous Specimen; API X65 Steel; Gas
Transportation Pipelines.
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* Acicular Ferrite (AF)

¢ Cleavage Fracture

" Delamination

8 Inverse Fracture

° Abnormal Fracture Area
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! American Petroleum Institute
* Drop Weight Tear Test

? Ductile Fracture

* Charpy Test
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* Acicular Ferrite

% Polygonal Ferrite (PF)

7 Quasi Polygonal Ferrite (QPF)
8 Granular Bainitic ferrite (GF)
® Martensite/Austenite (M/A)
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! Back Slot

% Chevron Notch (CN)

? Pressed Notch (PN)

4 Static Pre-cracked (SPC)
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* Accelerated Cooling (AC)

® Thermo-mechanical Controlled Rolling (TMCR)
7 Proeutectoid Ferrite

8 Widmanstatten Ferrite

° Bainite

1 Recrystallization
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' Heat Affected Zone (HAZ)
? Base Metal (BM)

* Weld Metal

4 Inhomogeneous
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!Interlocking Nature
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! Scanning Electron Microscope (SEM)
% Facet
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! Microvoid Coalescence (MVC)
? Inclusions

? Second Phase Particles

* Faint Chevron-Mark
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