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Mixed-Mode Stress Intensity Factors for Elliptical Corner Cracks
in Mechanical Joints by Weight Function Method

Sung-Pil Heo, Won-Ho Yang and Cheol Kim
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Abstract

Mechanical joints such as bolted or riveted joints are widely used in structural components and the
reliable determination of the stress intensity factors for corner cracks in mechanical joints is needed to
evaluate the safety and fatigue life. This paper analyzes the mixed-mode stress intensity factors of
surface and deepest points for quarter elliptical corner cracks in mechanical joints by weight function
method and the coefficients included in weight function are determined by finite element analyses for
reference loadings. The extended form of the weight function method for two-dimensional mixed-mode
to three-dimensional is presented and the number of terms in weight function is determined by
comparing the results for the different number of terms. The amount of clearance is an important factor
in evaluating the severity of elliptical corner cracks in mechanical joints and even horizontal crack
normal to the applied load is under mixed-mode in the case that clearance exists.
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Fig. 1 Weight function method for an elliptical

corner crack
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Fig. 2 Configuration of a quarter elliptical corner

crack in mechanical joints

Fig. 3 Finite element mesh for symmetric quarter

elliptical corner crack at a hole
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Fig. 4 Normalized stress intensity factors for
symmetric quarter elliptical corner crack
at a hole along the crack front
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Fig. 5 Normalized stress intensity factors for a
through-thickness crack in mechanical joints

along the crack front

lo

H 7} 02590 ¢EREeH, fFEasd e 4
£ Zzy@ol ABAQUSE o] &3F3ith
gaxdiA e Bl e HEs] Askd
| gRow Efshs 14EE EZAE
) Fig. 3% #e F#84TS TAS
g A4S Fakdnh FRsAaRddA
= 2de Eol4E FHY F Uv
8 2 (quarter point element)E AHE-8HS L
weozRE o $HAYASF ALE HAst
—} 4 :f%iﬁ%% taAge Aol Bld
AsleE gads FASATH
Fig. 4= alc=04, a/=0.6%1 735 digta] e

Em_&rtuﬂi
u&mma pe o o
rR ﬂ o 2 ol o

g B g
éaﬂéz

%rﬁrth



Hedrgel AF AAH AER EAEE g9y A Ede TR $FAdAS 707

Fig. 6 Finite element mesh for an uncracked plate

with a mechanical joint
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with a mechanical joint
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Fig. 8 Finite element mesh for a quarter elliptical
corner crack in mechanical joints
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Table 1 Reference stress intensity factors at the

surface point of elliptical cracks

alt 0.2 0.4 0.6 0.8

Fi™,, | 08272 | 09266 | 1.120 1.388
F&h, | 01567 | 02191 | 03346 | 0.4963
F%, | 007881 | 0.1240 | 02048 | 03157

Fith, 0 | 955E5 | 637ES | 0
Fiths 0 | 12764 [849ES | 0
Fiths 0 6.37E-6 o | o
F | 63766 | 2556-5 | 764E5 | 0
Fi, | 0 [ 181E-5 | 5.73E-5 | LI1E-4

Fi®h.s | -3.82E-6 | 134E-5 | 425E-5 | 111E-4
Fie ) | 09233 | 09338 | 09756 | 1.067

Fim . | 02178 | 02249 | 02500 | 0.3020
Fimho | 0175 | 01226 | 0.1401 | 0.1762

Fn(xta).l 0 0 0 0
Faln.2 0 0 0 0
Fans | 0 0 0 | -89IE-4
Fn('xzﬂA)),l -0.4255 | -0.4318 | -0.4498 | -0.5085

Fim, | -0.1072 | -0.1106 | -0.1211 | -0.1485
Fiml s | -0.05665 | -0.05893 | -0.06635 | -0.08450
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Table 2 Normalized stress intensity factors for a quarter elliptical corner crack in mechanical joints due to the
number of terms included in weight function (clearance=1%, a/c=0.4, a/t=0.6)

Uncracked stress

at surface

at middle

averaged

No. of terms

3

4

5

6

3

4

5

6

3

4

5

6

FEM

Fi

1.741

1.680

1.684

1.686

1.814

1.748

1.752

1.754

1.778

1.714

1.718

1.720

1.623

Surface
Fy (A)

0.2165

0.2329

0.2207

0.2269

0.2039

0.2200

0.2095

0.2144

0.2102

0.2264

0.2151

0.2207 [ 0.2145

point
F M{A)

-0.1264

-0.0874

-0.1151

-0.1032

-0.1219

-0.0836

-0.1073

-0.0981

-0.1242

-0.0855

-0.1112

-0.10061-0.1007

F i

3.963

4.161

4.254

4.290

4213

4.428

4.526

4.562

4.088

4.295

4.390

4.426

4.533

Deepest
Fuwp

-0.3985

-0.3680

-0.3411

-0.3290

-0.3569

-0.3222

-0.2976

-0.2881

-0.3777

-0.3451

-0.3194

-0.3085)-0.3412

point

Frp

-0.7307

L-O.6095

-0.4673

-0.3792

-0.6570

-0.5189

-0.3890

-0.3193

-0.6938

-0.5642

-0.4281

-0.34921-0.3218

Table 3 Normalized stress intensity factors for a quarter elliptical corner crack in mechanical joints due to the

number of terms included in weight function (clearance=5%, a/c=0.8, a/t=0.4)
Uncracked stress at surface at middle averaged
No. of terms | 3 4 | s 6 3 4 5 6 3 4 5 s | M
Fia] 2929 | 2951 | 2.947 | 2.947 | 3.077 | 3.100 | 3.096 | 3.096 | 3.003 j 3.025 | 3.021 | 3.022 | 2.958
Surt‘”ace Fra)|05582|0.5626|0.5616 1 0.5618 | 0.4884 1 0.4919 | 0.4912 | 0.4913 | 0.5233 | 0.5273 | 0.5264 | 0.5265 | 0.5227
point Fra) 1-0.2865(-0.2627|-0.2655|-0.2653{-0.2484-0.2290|-0.2311{-0.23101-0.2674 | -0.2458 | -0.2483 |-0.2482-0.2460
Fip| 4543 | 4638 | 4653 | 4654 | 4796 | 4.894 | 4909 | 4910 | 4.670 | 4.766 | 4.781 | 4.782 | 4.887
DeePeSt Fp(p |-0.3018(-0.2586|-0.25251-0.2521 |-0.2484|-0.2126-0.2081 |-0.2078}-0.2751|-0.2356 | -0.2303|-0.23001-0.2527
point Fip |-0.4516)-0.2723{-0.2376(-0.2343|-0.3635|-0.2151|-0.1893|-0.1870(-0.40761-0.2437(-0.2135|-0.2106|-0.2057
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Fig. 9 Weight functions for the surface point of an
elliptical corner crack in mechanical joint
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Table 4 Normalized stress intensity factors for
quarter  elliptical corner cracks in
mechanical joints by weight function
method and finite element method

a/c=0.4, a/t=0.6 | a/c=0.8, a/t=0.4
clearance=5% | clearance=1%
WFM | FEM | WFM | FEM
F;(A) 1.750 1.671 2.982 2.905
Fryca)| 0.2880 | 0.2825 | 0.4604 | 0.4672

Position | Mode

Surface

point
Freay | -0.1326 | -0.1311 | -0.2183 | -0.2219
Fip| 4406 4.509 4.834 4.959
Deepest
. Frnep | -0.3533 | -0.3602 | -0.2123 | -0.2525
point

Frp | -0.3854 | -0.3512 | -0.1967 | -0.1980
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