224-219 yoyo 02 o lois 18 093 1397 s d )l ()30 SuilSo (Fwigo dlxo

P93 pele doliale =
= _
M . :;L
I Sl (Gwiigo s
mme.modares.ac.ir TR

SN Hl Cond Ao <O Al b (S31g0 5§ 98 oS Bg0 gl Dl el o

2 duas e Fg pdd Jlaa M SISl jule ol ga
dpog )] dogl oSl (SLlSo pwdigs ¢yl =1

dpog)| cdngyl oL (Sl pwtins (bl wlids S (ggomiiily 2
j-alizadeh@urmia.ac.ir 1531157561 iy 3giio cdsog)) #

saSe Wlio ey

@ s 0sd S35 b Jlasl sl (S0 & (S S S 5) SIS ISk o S )h Coliiin dxbo S 2 (S pe Sy ] IS sy, dlie
wlllo gl 55 s ) e olad (S oyl o ye 5 &S g e o] lmojls 5 Lo (bS5 g e oy S5 1396 11 cdl, >

% | = . ol o o] b etlaSs o o i€ o ok € €5 £ s ol L 1896 518 ;05
0.19% ) ja8 ollas b 5 dpulonn Sgiomolinl (sl ) osliul b calyiSy oy 5 GhiS Cod ol )§ )5 GAT Gd culps il 1396 oz, 05 wcale » )

S 4 Sy 0505 S5 b iz s gos il 4 (oraw g Sy S 5 390 (IS GAd culps (e Gl 0435 (6 liSs 55l Al
5 sy g0 jop Cige Cunsd sladge KibsS 9 Sy pdaw 4 Camd (wdid (& pae Cawl 0dd (s dmio (gilge (laald DS A
S5 Gee il L sl glodge SilsS 205 0 iy g S lo)l S e 4 (s S gl Mo LB s ek )S S5
adge a5 s alpd B9 sy ol j 56 AT ©ad cglyd oS5 gl 20 Gos 4y Jsb o 5 &5 b b al e Ll e S5

CanSd glodge SiiheS

3 S Gasge (ly S5 ol 00 dunbne (S 5 S50 G S5l e 3 8 Vb S8 ol b g ol
9 R o3zl LSIX QRS DAD o o d‘){ o &l Zoyo Ja.gb) ol 005 ) u_xla.m):) J)S pob.ﬁa K u‘uu.g 3 J‘ub =g
P oy WG e 5 oISt a8l o bl ol 5l esel Cawd 4 palie g drlg Mde Hlaas Glosige bawg o,

{55 3 iz Sl o] 597 s b oS5 b sl s ) 43k 5 5l

Mixed mode stress intensity factors for a crack parallel to the free surface of a
half-plane under uniform loading
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ARTICLE INFORMATION ABSTRACT

Original Research Paper The Griffith crack, a central crack in an infinite plane under uniform loading, is converted to a
Received 02 December 2017 subsurface one by moving close to a loaded edge of the plane. Subsurface cracks initiate under rolling
Accepted 08 January 2018 contact fatigue conditions. In this paper, first, finite element model of the Griffith crack has been

Available Online 25 January 2018 developed and validated by calculating stress intensity factors (SIFs) under uniform tension and shear

loadings. Then, by moving the crack close to a parallel edge of the plane, mixed mode SIFs of the

Keywords:

Stress intensity factor subsurface crack have been determined for a wide range of the cracks depths. Non-symmetrical
Griffith crack geometry with respect to the crack edge causes coupling between fracture modes and so, considerable
Subsurface crack shear and tension fracture modes under tension and shear loadings, respectively. The ratio of SIF for the
Coupling of the fracture modes coupling mode to the direct mode is creased up to 69% for the length to depth ratio of 20. Also, by

Geometry correction factor fitting third-degree polynomials to the mixed mode SIFs, four geometry correction factors have been

obtained for SIFs of subsurface cracks under uniform loadings. These approximate equations can be
used easily and efficiently by engineers. Also, the relations can be utilized as a primary estimation for
non-uniform loadings, especially when the crack length as well as the load variation along it is small.
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Fig. 1 Pitting of the contact surface due to a subsurface crack growth
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Fig. 2 Central crack in an infinite plate under uniform tension and shear
(Griffith crack)

I SISy G s S o S5 Calid G 0 B e S 52 S5
(o S

1.015
L]
—Analytical = FEM
1.010 4
L]
L= 1.005 1
n
|
L] - .
1.000
0995 T T T T T T T
5 10 15 20 25 30 35 40 45
Ala
1.015
—Analytical = FEM
1.010 4
n
= 1.005 -
= [
L]
] - - .
1.000
0595 T T T T T T T

5 10 15 20 25 30 35 40 45
Ala
Fig. 3 Geometry correction factors of the Griffith crack for different
ratios of the plate length to crack length
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Fig. 7 Comparison of obtained geometry correction factors for
subsurface crack by FEM and Ref. [5] under uniform tension and shear
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Fig. 8 Representation of different displacement fields on both sides of a
subsurface crack, y=10, and the coupling of fracture modes under a-
uniform tension, b- uniform shear
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Fig. 4 Finite element model of the Griffith crack, meshing of the crack
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Fig. 6 Real scale representation of the proximity to the surface for the
studied subsurface cracks
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Table 1 Constants of Eq. (3) for geometry correction factors of
subsurface crack under uniform tension and shear
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Fig. 9 Fitting of third-degree of polynomial on the geometry correction
factors of subsurface crack under uniform tension and shear
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