DOT/FAA/AR-9 8/37

Office of Aviation Research
Washington, D.C. 20591

Bound ary Co rrection Factor s for
Elliptic Surface Cracks Emanating
From Coun tersunk Rivet Holes
Under T ension, Bending, and
Wedge Loading Conditions

February 1999
Final Report
This document is available to the U.S. public

through the National Technical Information
Service (NTIS), Springfield, Virginia 22161.

e

U.S. Department of Transportation
Federal Aviation Adminis tration



NOTICE

This document is disseminated under the sponsorship of the U.S.
Department of Transportation in the interest of information exchange.
The United States Government assumes no liability for the contents or
use thereof. The United States Government does not endorse
products or manufacturers. Trade or manufacturer's names appear

herein solely because they are considered essential to the objective of
this report.

This report is available at the Federal Aviation Administration William J.
Hughes Technical Center's Full-Text Technical Reports page:
www.tc.faa.gov/its/actl41/reportpage.html in Adobe Acrobat portable
document format (PDF).




Technical Report Document ation Page

1. Report No. 2. Government Accession No. 3. Recipient's Catalog No.
DOT/FAA/AR-98/37

4. Title and Subtitle 5. Report Date

BOUNDARY CORRECTION FACTORS FCR ELLIPTIC SURFACE CRACKS March 1999
EMANATING FROM COUNERSUNK RIVET HOLES UNDER TENSION, 6. Performing Organization Code
BENDING, AND WEDGE LOADING CONDITIONS

7. Author(s) 8. Performing Organization Report No.

Anisur Rahman*, John Bakuckas, J.** , Caherine Bigdow**, and Paul Tan**

9. Performing Organization Name and Address 10. Work Unit No. (TRAIS)
*FMRC, Materials Engineering **E ederal Aviation Administration

Drexel University William J. Hughes Techical Ceanter

Philadelphia, PA 19104 Airport ard Aircratt Safety Researchand 11. Contract or Grant No.

Development Division
Airframe StructuresSecton
Atlantic City Intemational Airport, NJ 08405

12. Sponsoring Agency Name and Address 13. Type of Report and Period Covered
U.S. Department of Trarsportation Final Report

Federal Aviation Administration

Office of Aviation Researh 14. Sponsoring Agency Code
Wadhington, DC 20591 AAR-431

15. Supplementary Notes

16. Abstract

To predict crackgrowth ard redgdual strengths of riveted joints subjected to wdespread &tigue damage (WFD), accuate $ress
ard fractue analysesof correr ard aurface crackst a rivet hole are meded. The resits pregented inthis report bcus on the
calcuation of stress-intersity facta (SIF) sdutions for cracks at cantersunk rivet holes for tersion, bending, and wedge load
conditions. A wide range d configuration parameters were varied including the crack size, cack shape, aml crack location as
well as the length of the staight-shank hole. A finite elenent basedglobal-intermedate-local (GIL) hierarchical agproachwas
used inthis sudy. The resits are epresed asboundary correctionfactors(BCF), which is a nondimengonal repregntationof
the SIF. The boundary correctionfactorswere detemined alomy the crackfront in temms of the physical angle, which was
measired ffom the inrer surface ¢ the plate to a poinon the hole bowndary or the outer surface of the plate. In general, the
values of bourdaly correctionfactorsincreagd asone move alongthe crackfront from the inner suface ofthe plate tavardsthe
hole bowndary or the ouer suface. The valuesof the bourdary correctionfactorwere highest for the crackfrontsclosest to the
hole boundary. The trerds in the sdutions were the same for the three ladng conditions

17. Key Words 18. Distribution Statement

Aging arcraft, Wide spread fatiguedamage, WFD, Riveted This documert is available tothe public through the Natianal

lap-sdice joints, Caner cracks, Global-intermedate{ocal Techical Information Senice (NTIS) Sprirgfield, Virginia

approachStres-intensity factors Finite elanent analysis, 22146l.

Breakthrough cracks

19. Security Classif. (of this report) 20. Security Classif. (of this page) 21. No. of Pages 22. Price
Unclassified Unclassified 79

Form DOT F1700.7 (8-72) Reproduction of completed page authorized



TABLE OF CONTENTS

EXECUTIVE SUMMARY

INTRODUCTION

CONHGURATIONSAND LOADING

BOUNDARY CORRECTON FACTOR
GLOBAL-INTERMEDIATE-LOCAL HIERARCHCAL APPROACH

RESULTS AND DISCUSSIONS

Effect d Crack Shap on Boundary Correction Factor
Effect d CrackLocation onBounday Correction Factor
Effect d Applied Loading orBounday Correction Factors

CONCLUDING REMARKS

REFERENCES

Pae



Figure

10
11
12
13
14

15

16
17
18
19
20
21

22

LIST OFFIGURES

Problem Description

GlobalIntermediate-Local Heirarchical Approach

Bounday Correction Factas, k, for CrackLocationl UnderTension, h/t = 0.05
Bounday Cormection Factas, R, for CrackLocation1l UnderTension, h/t = 0.25
Bounday Correction Factas, k, for CrackLocationl UnderTension, h/t = 0.50
Bounday Cormrection Factas, R, for CrackLocation2 UnderTension, h/t = 0.05
Bounday Correction Factas, k, for CrackLocation2 UnderTension, h/t = 0.25
Bounday Cormection Factas, R, for CrackLocation2 UnderTension, h/t = 0.50
Bounday Correction Factas, k, for CrackLocation3 UnderTension, h/t = 0.05
Bounday Cormrection Factas, R, for CrackLocation3 UnderTension, h/t = 0.25
Bounday Correction Factas, k, for CrackLocation3 UnderTension, h/t = 0.50
Bounday Cormection Factas, R, for CrackLocation4 UnderTension, h/t = 0.05
Bounday Correction Factas, k, for CrackLocation4 UnderTension, h/t = 0.25
Bounday Cormection Factas, R, for CrackLocation4 UnderTension, h/t = 0.50

Bounday Correction Factas, k, for Crack Location5 UnderTension, h/t = 0.05,
0.25, 0.50; and a/c = 1.0

Bounday Correction Factas, F, for Crack Location 1 UndeBending, h/t = 0.05
Bounday Correction Factas, R, for Crack Location 1 UnderBending, h/t = 0.25
Bounday Correction Factas, F, for Crack Location 1 UndeBending, h/t = 0.50
Bounday Correction Factas, F, for Crack Location 2 UnderBending, h/t = 0.05
Bounday Correction Factas, F, for Crack Location 2 UndeBending, h/t = 0.25
Bounday Correction Factas, F, for Crack Location 2 UndeBending, h/t = 0.50

Bounday Correction Factas, F, for Crack Location 3 UndeBending, h/t = 0.05

Page

10
10
11
11
12
12
13
13
14
14
15

15

16
16
17
17
18
18
19
19



23
24
25
26
27

28

29

30

31

32

33

34

35

36

37

38

39

40

Bounday Correction Factas, F, for Crack Location 3 UndeBending, h/t = 0.25
Bounday Correction Factas, F, for Crack Location 3 UndeBending, h/t = 0.50
Bounday Correction Factas, F, for Crack Location 4 UndeBending, h/t = 0.05
Bounday Correction Factas, R, for Crack Location 3 UnderBending, h/t = 0.25
Bounday Correction Factas, F, for Crack Location 4 UndeBending, h/t = 0.50

Bounday Correction Factas, R, for CrackLocation5 UnderBending h/t = 0.05,
0.25,0.50; and a/c = 1.0

Bounday Correction Factas, F,, for Crack Location 1 Under Wdge Loading,
h/t = 0.05

Bounday Correction Factas, F,, for Crack Location 1 Under VWdge Loading,
h/t = 0.25

Bounday Correction Factas, F,, for Crack Location 1 Under VWdge Loading,
h/t = 0.50

Bounday Correction Factas, F,, for Crack Location 2 Under Wdge Loading,
h/t = 0.05

Bounday Correction Factas, F,, for Crack Location 2 Under Wdge Loading,
h/t = 0.25

Bounday Correction Factas, F,, for Crack Location 2 Under Wdge Loading,
h/t = 0.50

Bounday Correction Factas, F,, for Crack Location 3 Under VWdge Loading,
h/t = 0.05

Bounday Correction Factas, F,, for Crack Location 3 Under VWdge Loading,
h/t = 0.25

Bounday Correction Factas, F,, for Crack Location 3 Under Wdge Loading,
h/t = 0.50

Bounday Correction Factas, F,, for Crack Location 4 Under VWdge Loading,
h/t = 0.05

Bounday Correction Factas, F,, for Crack Location 4 Under VWdge Loading,
h/t = 0.25

Bounday Correction Factas, F,, for Crack Location 4 Under Wdge Loading,
h/t = 0.50

20
20
21
21

22

22

23

23

24

24

25

25

26

26

27

27

28

28



41

42

43

Table

10

11

Bounday Correction Factas, k, for CrackLocation5 Under Wedge Loading,
h/t = 0.05, 0.25,0.50; and a/c = 1.0 29

Effect d CrackLocation onBounday Comection Factofor h/t = 0.25 an@d/c = 1.0 29

Effect d CrackLocation onBounday Correction Factofor h/t = 0.05 an@&/c =1.0 30

LIST OF TABLES

Page
Analysis Matrix 31
Bounday Correction Factas, k, for Crack atLocationl ina Countersunk Rivet
Hole in a Plate Underension for h/t = 0.05 31
Bounday Correction Factas, k, for Crack atLocationl ina Countersunk Rivet
Hole in a Plate Underension for h/t = 0.25 32
Bounday Correction Factas, k, for Crack atLocationl ina Countersunk Rivet
Hole in a Plate Underension for h/t = 0.50 33
Bounday Correction Factas, k, for Crack atLocation2 ina Countersunk Rivet
Hole in a Plate Underension for h/t = 0.05 34
Bounday Correction Factas, k, for Crack atLocation2 ina Countersunk Rivet
Hole in a Plate Underension for h/t = 0.25 35
Bounday Correction Factas, k, for Crack atLocation2 ina Countersunk Rivet
Hole in a Plate Underension for h/t = 0.50 36
Bounday Correction Factas, k, for Crack atLocation3 ina Countersunk Rivet
Hole in a Plate Underension for h/t = 0.05 37
Bounday Correction Factas, k, for Crack atLocation3 in a Countersunk Rivet
Hole in a Plate Underension for h/t = 0.25 38
Bounday Correction Factas, R, for Crack atLocaion 3 in a Countersunk Rivet
Hole in a Plate Underension for h/t = 0.50 39
Bounday Correction Factas, R, for Crack atLocation 4 in a Countersunk Rivet
Hole in a Plate Underension for h/t = 0.05 40

Vi



12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

Bounday Correction Factas, k, for Crack atLocaion 4 in a Countersunk Rivet
Hole in a Plate Underension for h/t = 0.25

Bounday Correction Factas, R, for Crack atLocation 4 in a Countersunk Rivet
Hole in a Plate Underension for h/t = 0.50

Bounday Correction Factas, k, for Crack atLocaion 5 in a Countersunk Rivet
Hole in a Plate Underension for h/t = 0.05, 0.25, 0.5; aaft = 1.0

Bounday Correction Factas, k,, for Crack atLocation 1 in a Countsunk Rivet
Hole in a Plate UnddBendingfor h/t = 0.05

Bounday Correction Factas, k,, for Crack atLocation 1 in a Countsunk Rivet
Hole in a Plate UndeBendingfor h/t = 0.25

Bounday Correction Factas, F, for Crack atLocation 1 in a Countersunk Rivet
Hole in a Plate UnddBendingfor h/t = 0.50

Bounday Correction Factas, F, for Crack atLocation 2 in a Countersunk Rivet
Hole in a Plate UnddBendingfor h/t = 0.05

Bounday Correction Factas, k,, for Crack atLocation 2 in a Countsunk Rivet
Hole in a Plate UndeBendingfor h/t = 0.25

Bounday Correction Factas, k,, for Crack atLocation 2 in a Countsunk Rivet
Hole in a Plate UnddBendingfor h/t = 0.50

Bounday Correction Factas, k,, for Crack atLocation 3 in a Countsunk Rivet
Hole in a Plate UnddBendingfor h/t = 0.05

Bounday Correction Factas, k,, for Crack atLocation 3 in a Countsunk Rivet
Hole in a Plate UndeBendingfor h/t = 0.25

Bounday Correction Factas, k,, for Crack atLocation 3 in a Countsunk Rivet
Hole in a Plate UnddBendingfor h/t = 0.5

Bounday Correction Factas, k,, for Crack atLocation 4 in a Countsunk Rivet
Hole in a Plate UnddBendingfor h/t = 0.05

Bounday Correction Factas, k,, for Crack atLocation 4 in a Countsunk Rivet
Hole in a Plate UndeBendingfor h/t = 0.25

Bounday Correction Factas, k,, for Crack atLocation 4 in a Countsunk Rivet
Hole in a Plate UnddBendingfor h/t = 0.5

Bounday Correction Factas, k,, for Crack atLocation 5 in a Countsunk Rivet
Hole in a Plate UnddBendingfor h/t = 0.05, 0.25, 0.5; aralc = 1.0

vii

41

42

43

44

45

46

a7

48

49

50

51

52

53

54

55

56



28

29

30

31

32

33

34

35

36

37

38

39

40

Bounday Correction Factas, F,, for Crack atLocaion 1 in a Countersunk Rivet
Hole in a Plate Under ¥dge Loadimg for h/t = 0.05

Bounday Correction Factas, F,, for Crack atLocaion 1 in a Countersunk Rivet
Hole in a Plate Under ¥dge Loadirg for h/t = 0.25

Bounday Correction Factas, F,, for Crack atLocaion 1 in a Countersunk Rivet
Hole in a Plate Under ¥dge Loadimg for h/t = 0.50

Bounday Correction Factas, F,, for Crack atLocaion 2 in a Countersunk Rivet
Hole in a Plate Under ¥dge Loadimg for h/t = 0.05

Bounday Correction Factas, F,, for Crack atLocaion 2 in a Countersunk Rivet
Hole in a Plate Under ¥dge Loadirg for h/t = 0.25

Bounday Correction Factas, F,, for Crack atLocaion 2 in a Countersunk Rivet
Hole in a Plate Under ¥dge Loadimg for h/t = 0.50

Bounday Correction Factas, F,, for Crack atLocaion 3 in a Countersunk Rivet
Hole in a Plate Under ¥dge Loadimg for h/t = 0.05

Bounday Correction Factas, F,, for Crack atLocaion 3 in a Countersunk Rivet
Hole in a Plate Under ¥dge Loadirg for h/t = 0.25

Bounday Correction Factas, F,, for Crack atLocaion 3 in a Countersunk Rivet
Hole in a Plate Under ¥dge Loadimg for h/t = 0.50

Bounday Correction Factas, F,, for Crack atLocaion 4 in a Countersunk Rivet
Hole in a Plate UndéFension for h/t = 0.05

Bounday Correction Factas, F,, for Crack atLocaion 4 in a Countersunk Rivet
Hole in a Plate Under ¥dge Loadirg for h/t = 0.25

Bounday Correction Factas, F,, for Crack atLocaion 4 in a Countersunk Rivet
Hole in a Plate Under ¥dge Loadimg for h/t = 0.50

Bounday Correction Factas, F,, for CrackatLocation 5 in a Countersunk Rivet
Hole in a Plate Under ¥dge Loadimg for h/t = 0.05, 0.25, 0.5; and a#cl1.0

viii

57

58

59

60

61

62

63

64

65

66

67

68



EXECUTIVE SUMMARY

To predict cack growth and esidual stregths of riveed joints subjectedo widesprad fatigue
damege (WFD), accurate stressand fracture anaysesof corner and sufiace cacksat a rivet hole
areneeded. The results pesented in this reportdas on the aculation of stress-intensitfactor
(SIF) solutionsfor cracks at countersunkivet holes for énsion, bendingand wede load
conditions. A wide rarge of configuration paameters vere varied includirg thecrack size, crack
shapeand e¢ack locaion as vell as he length of the staight-shank hole. A finite elementbased
globatintermediate-local (GIL) hierarchical approachwas usedn this study. The resuls are
expressedisbounday correction factors BCF), which is a nondimensionalpeesentation of the
SIF. The boundgy corection fctors vere determinedalong the cack front in terms ofthe
physical angle, which was measued from the nner suface of he phte o a pont on the hok
bounday or the oute surface @ the plate. In genera, the valies of bound@ comrection factors
increagd as one wove along the adackfront from the nne surface @ the plate towards the hole
bounday or the oute surface. The values bthe boundey corection factor were highest for the

crack frontsclosesto the hole bounaty. The tends in the solutions were thanee fa the thre
loading conditions

iX/x



INTRODUCTION

Ongoing aging aircraft research adivities ae amed at developing and implenenting advanced
fatigue and factue meclanics corepts into the dange tolerace analysis methodolog for the
agng, current,andnex generationfleets. These activities include methods to predict thesbns
of widespread fagjue damage (WFD). The Industy Committeeon Widespreadratigue Damage
was formed to implement a Igrerm coopeative prgram todevelopa commonunderstandig
of the WFD phenomen and to improve the iéntification of likely locations and asssment
methodologes. One d the objetives of theFederal Aviation Administratiors National Aging
Aircraft Research Pgram is to develop the methodolgo predict crack initiation, @ack
growth rates, and regilual strengths of aircraft stuctures subgcted o WFD. Among the foureen
possiblelocations susceptible to MD identified bylndustyy Committee on WD, the riveteddp
splicejoint hasbeenidentfied as o of hecritical locatons on araircraft. Widespreadatigue
damage at riveted lap splice joints is usuly in theform of multiple cradks emanaing from the
stressconcentationsin the rivet holes. To reliably predict dack growth raes and factue
strenghs ofriveted joints subjected to MD, accurate stressntensiy factor (3F) solutions of
cornerand surhcecracks aarivet hole ae needed.

Exact closed-formSIF soutions for cracks in three-dmensional solds are ofn lacking for
complex configirationssuch as countsunk rivet holes; thefore, approknate solutions must
be used. Ove the past two dmdes,consideable efort has leen plaed on degloping
computational} efficient methods which qvide hghly accurate $F solutions for racksin
three-dimensionddodies. Thesemethods include theonventional finite @ment method EM)
[1-4], thefinite elementalternatingmethod (EAM) [5-7], the boundar element methodBEM)
[8-9], and the three-dimensional \gkt function method (WM) [10-11] With advancesn pre
and postprocessors,compute hardwareand improvements in @udion solves, timesavings ae
being realizzd in both geometr dewlopment and aaysis of complex models. With
conmputational tools in place, nuch needd SF solutions requied for damage tolerane
assessments ofawked rivet holes an be obtained.

A recent experimental stug [12] provides etensive eperimental datan the crack front shape
and fatgue growth of cracks fom rivet holes in fusege lapjoint regions. Fatigue damagein an
actud fusdage lap joint renoved from afull-scale test artide was dharaterized. An extensive
databasevas establishedtataloging the damge state of th fuselge lap egion includingcrack

initiation, crackgrowth raes, clack size, ack location,andfractue morphology. Non visual
cracking from rivet holes in the inner skin, outskin, and tea straps vas found during

fractographic examinaions. In the oute skin, cracking typicdly initiated from therivet hole a

the faying surface ftween the innerand outer skins duto fretting Marker band analysis

showael that the crackstypically grew beneath thesurface with dliptical fronts, renaining hidden

for a portion of theirgrowth. The tunnelirg cracks broke through to the oute surface after

growing to lengths of two to three times theskin thikness. To complement such &perimentd

studies, & solutions would be u$el in interpretig resultsas well as conductiry danage
tolerance assssmats. Somework has ben dore to generde SIF solutionsfor cracks in

countersunk rivet holegt[7]. However, nany gaps exst in availableSIF solutionsand further

work is required, @rticularly for breakthrogh cradk configurations and solutiongnderbendirg

and wede loading.



The objective of this workvas to develop I solutions for @cksat countersunkivet holesto
expand on the curremntl available solution database.Configurations repesentig typical
countersunkholesin aircraft structuraljoints wee anayzed unde tension, bendigy and wedge
loading conditions. The crack size, crack shape, and eck loation were varied torepresent
typical experimentalobservations. A global-internediate-lo@al (GIL) hierarchical appr@ach
based on the finite emnent method was used to obtain the solutions.

CONHGURATIONSAND LOADING

The confguration anayzed in this stug wasa countersunkivet hole in a platevith a half-
height to width ratioH/W = 2 as shown in §urela. The staight-shankholeradiusto platehalf-
width ratio (MR) was5. For all calculations, the total gte subé&nded ly the countersunk hole
was 100. The mtio of the lemth of thestraight-shankportion of the hole to the platethickness
(h/t) was varied from 0.05, 0.25, and 0.50The plate modulus of asticity was E = 1, and
Poisson’s ratio wag = 0.3.

Three loading conditionswere consideed in this stug, a remotetension &), remote bendig

($), and wede (Py) load were applied as shown indfires 1b, 1c, and ldiespetively. A

remote tension load wagpalied using a constamstress,S = 1.0 unit foce pe unit aea. A

remotebending load was gplied usirg alinear stress distribution througthe-thickness. On the

side of the countersunk te @/t = 0.0),S, = 1.0 unit foce pe unit are and on theside of the

straicht-shank hole ¢/t = 1.0), § = 0.0 unit fore perunit area. This ensuredan openiry

displacement of therack surfaces. The wedje load condition waspplied on the planefo
symmetry of thecountersunk hole.The wedge load, Py, was @fined as the vertial component
of a traction, P, acting normal to thesurfa@. This is shown in fjure 1e, whereP,, = 1.0 unit
force per unit length. The value for theapplied wedge load in this stug was thefollowing

H o osleh

P, = O h_z_. (1)
[Pl cosb0° —<=<1
Cf t t

The five crack locations shown in fjure 1f were analyzed. All cracks were dlliptica with the
center of the dlipse a the corner of therivet hole The corner is definal by the intersection of
the straight shankportion of the rivet holeand the inner stace of the plate. The siz and slape
of eachcrack s defined by a andc, the two dliptical axes, whee a is paralel to theZ-axis andc
is padlel to theY-axis. At crack bcaton 1,thecrack isacornercrack with thevalueof a sd to
h/2 andh/t was varied fom 0.05, 0.25, and 0.5At crack location2, alsoa corne crack,a was
sd equd to h, thus one end of therack front intersected #kneeof the countrsunkrivet hole;
h/t was varied asdbore. At crack loation 3, a brekthrough crack,a was ddined such that one
end of the rackfront would interset the sur&ce ofthe rivet hole irthe countersunkegion half
way between the kne and the lip of theountersunkivet hole. At this location,zZ/t = (h+t)/2t;
h/t was varied asdbore. At cracklocation 4, athrough-thethicknessoreak-throgh crack, a was
defined sudh tha the crak would intesed the surfa@ of the rivet hole at the lip of the
countersink.At location4, Z/t = 1; h/t was varied asdbore. For crack loations 1 throuf 4,a/c
was variedfrom 1, 0.75, and 0.5At crack location 5, ony onecrack shapewas analyzed, a



breakthrogh crack havinga/c = 1 with ¢/t = 3.125. Thesecracking configurations wee seleted
to representypical scerarios obsergd durirg fractagraphic examinations reported ireferene
12. The full anaysis matrixshown in table 1 consists of 117 solutions.

BOUNDARY CORRECTON FACTOR

Themodel stressintensily factor ;) at ary location alorg the cackfront under énsile loading

is gven as 13]
_ /ﬂ_a ahR
=3 Qﬁg’c’t’t’eﬁ @

for bendirg load

na ahR
K = _F R 3
and for wedge load
m_[ad ahR [
K = _F a_a_!_ae 4
e e = 4)

where hewedge load,S,, is simulaed usinganormd wedge load P,, as
R,
Se=7 (5)

The boundar correction factor BCF), F; (tensilg, F, (bendirg), and F,, (wedge load were
calculated albngthe crack front for the various conbinaions of paameters (@/c, h/t, and cack
location) shown in table 1The crack dimensionsa andc, and he plysical angle, 6, are defired
in figure 1g. The physical angle, 6, is mesured dong the élliptical cradk front from theinner
surfae of the plae to the hole boundar The shap fector, Q, is given by the squee of the
complete elliptic integral of the second kind [14]he integal can beapproxmated ly [13]

5 a |:|
Q:1+1.464%%6 for=<1/7
¢ O

5
Q:1+1.464§%6 for%>1%

For dl the solutions geerated in this WOI’kgSl, thus the first eyression in equation 6 is
c

(6)

relevant in the coekt of this work.



GLOBAL-INTERMEDIATE-LOCAL HIERARCHCAL APPROACH

The global-intermediate-local (GIL) hierarchicd finite eement gpproach, illustrated in figure 2
and established andnfied in referenee 14, was u=d to obtairthe boundarycorrectionfactors
for countersunkivet holes. The commercally available finite eément prgran ABAQUS 5.6
[15] wasusedfor theanalysis. In the first siep @lobal level) of the GL appro@h, an aalysis of
the plate subgcked to the pescrbed lbading condtions and usig a relatively coase nesh s
conducted. For the @ses aalyzed lere, due to gmmetry in the geomety and loadig, one
guadrant of the pte was modetl. The global model ypically contained 1200twenty-noded
brick elemens.

In the next stage (intermediate level), an anasis of the aea d interestusng a nore refined
mesh is conducted; in thesases the @eaof interest vas the hgher stessgradientregion near
the hole. The intermediad model ypically consisted of 5000 tweyynoded brickelements.The
bounday conditions for the interediate model were tek from the global model using the
submodelingeatures in BAQUS.

In thefinal stage (local leve), an amlysis is conduad that is evermore focused on the region
of interest; in theseases it was theegion around therack front. A highly refined meshwas
used. The bounday conditionsfor the local model wer takenfrom the intermedia model
again usinghe submodling featues in ABAQUS

From local models, the-ihtegral wascalculaed alorg the crack front using the equivakent
domain integal method (EDM). For cases whee thee is no mixed-modefracture and plane
strain elastic materiaksponse&an beassumed, the modeSIF atany point alongthe crackfront
can becalculated from the J-integral as

(7)

It should be noted #t for the small @cksat locations 1 and 2, ifigure 1f, the full GIL
approach (threlevels)was requred. Forthelarger crak sizes at locations 3, 4, and 5, a two-
level global-local hierarchical appoachwas a@quae to obtin suficiently accuraie resuls. In
thetwo-level appoach, tle global model had appximately 4500 tweny-noded lick elenents,
and the local model had 5600dmty-noded bick elements.

RESULTS AND DISCUSSIONS

The parametersin table 1 were varied to the sgcified valuesyielding a total of 117 solutions.
All resultsare reported asbounday correction fators, a nondimensional fm of the stress-
intensiy factor. The results for bounday comection factors unde tension areplotted as a
function of plysical argles in fgures 3 throgh 15. The dita are alsopresentedn tabulr form
in tables 2 throug 14. Comespondig figuresfor bendirg load are pesengd in figures 16
through figure 28 and theabular dcita in tables 15 thragh 27. The resultsfor wedge loading
casesare presentedn figures 29 through 41 and talds 28 throgh 40. The results aregrouped
for each crack location and loadig case. It was noted that while the rgaitude of boundry
corredion factor was a fundion of loading mode thetrends weresimilar for each loading mode



In the folowing discussbnthe enphassis placedon thetension mode resuk, butthe argiments
apply equally well to the bendig andwedge loadirg cases.

EFFECT - CRACK SHAPE ONBOUNDARY CORRECTDN FACTOR

The bounday correction fators underdnsion,F;, for cracks at loetion 1 are shown ifigure 3
as a funabn of hephysical angle, 6. The resuls are fa h/t = 0.05. The shape of thelliptical
cracks wawvaried froma/c= 1, 0.75, and 0.5The value 6é a was teld constant and theslue of
c varied to obtain the edired a/c ratio. In genera, for dl three a/c raios, thevaue of the
bounday correction factor inceased with an in@a® in the pgsical argle (i.e., as os moved
alongthecrack front from the inner sdace of the phte to the hole boundg. As shownin the
figure 3, for snall values off, (near the inner orfaying surface of the platg values of bondary
correction factors increeseddirecty with the valie ofa/c. Smdler a/c values nean a &rger
value c and hus he crack front is further away from the correr and herefore has a relatively
lower BCF. With increasing vaues of 8 (towadsthebounday of the hole), tk solutions for the
three valies d a/c merged. Thisis expeced snceall threecracksconsderedhere havethe sane
value ofa andconsequenyl appgoach tle same point on the hole bounga At 8 = 90°, the
value of the boundey comection factor is hghest fo all three crack shags, i.e., as one
approacks the hole boundry. Similar trends were observed at otheaak locations andh/t
ratios. For breakthrogh cacks the cack fronts do not intersect the aght-shank hole
bounday butterminate at point on the outer sura. The boundry correction factor is hjhest
at the pont where he crack ntersects. The dfect of a/c ratio on these lwakthrogh aacks (at
locations 4 and 5) is skgly different than those discussedlier. As a ypica exampleone
may look at figure 12. Here for h/t = 0.05, boundarcorrection factors &e plottedfor threecrack
shapes wh a/c of 1.00, 0.75, and 0.50. €secracks ae at location 4.To obtain the dilerent
crack slapes,a and c were adpused such hat the rejuired a/c was obtained ad the cack front
passedhrough thelip of the coungrsink. As befor, the crack fronts with lager a/c ratios ae
closerto the hole boundgr In this cas, howeer, atd = ° the crack front is rdatively far from
thehole,so its effet on the boundarcorrection factes is almost ndggible. On the otler hand
at higher values off, as one moveslong the cackfront towards the oet surbice bounday, the
BCF diverge from each dter andactualy the aack front with the lbowesta/c vaue results in the
highestbounday correction factor. This an beexplained ly obseving thatfor through cracks,
thelower thevdue of a/c, the narrower is the urcracked igament near the ouer surface.

EFFECT - CRACK LOCATION ON BOUNDARY CORRECTON FACTOR

The bounday correction factors underdnsion,F;, as a function of thphysical angle, 6, for a/c =
1 andh/t = 0.25areshown in figure 42. The figure showsF; for dl five locaions of thecrack
consideredn this work. In genedl, at each lo@tion, as one moves algrthe crack front from
the inner surfaceof the plate tovards the outer stace and hole boundags (inceasirg 6), the
value of the bounds correction factor inceases. Thus, forall crack locations,the hole and
outersurfece boundaries hae more d an dfect on the value fothe boundaryorrection fctor
than the inner suafee bounday of the plate.For crack locations 1 and 2, thentire cackfront is
near the holédcompaed to the other tiee Iccations) and theaues of the bouraty correction
factor are hgher. The highest alue for boundry correction factars were found for cracksat
location 2 at points on the cradiont at lager values of 8, where te ciack front meets the



countersunk hole at the &a. Here the ciack front intersects the helbounday at a point of
abrupt geomeyr charge, consequentl the \alue of theBCF is higher. In general the furthera
point on the crack front is awayfrom the boundy, the lowe is the value of the dunday
correction factos. Among the boundaes, the holesurface bounday andthe outer surface hawe
the geatest influeoe on the slue of the bounay correction factor. Similar trendswere
observed at dierenta/c andh/t ratios.

The boundar correction factors underdnsion, F;, as a function of the phical argle, 9, for

a/c = 1 andh/t = 0.05 are shown indure 43. Similar trends a obsered as fo the case with
h/t = 0.25 shown in igure 42. That is, the boundgrcorrection factors igrease with an inceag

in the physical angle, andthevaluesare highestfor the crack fronts neaer the hok atlocatons 1
and 2. In compaing the results from fjures 42 and43, the effect of charging h/t on the
bounday comrectionfactoris evident. For crack locations 3, 4, and 5, were the influene of the
hole is lessened, the values & are similar for the two vdues of h/t. Howewr, at crack

locations 1 and 2, the chg@ inh/t results in a sigificant difference in the bounds comrection

factors. For h/t = 0.05, figue 43, a ear knik edge condition ebsts resultingn a much higer

stress gradientegion in the straght-shank portion of théole compaed with the case where

h/t = 0.25. Consequemnyl, the boundry correction factorsfor the crack fronts near the hole

bounday at locations 1 and &re hgher for h/t = 0.05 compaed withh/t = 0.25.

EFFECT - APPLIED LOADING ONBOUNDARY CORRECTON FACTORS

The bounday correction fators under ending, F,, and wede loadingF,, asa function of the
physical angle, 8, for h/t of 0.25 ae shown in fgures 16 throgh 41. Eachfigure shows the
resultsfor values 6 a/c= 1, 0.75,and 0.5. Similar trends are olesved for both the bendyrand
wedge loadirg as for the tension loadase shown in gures 3through 15. The values of
bounday comection factors inceagd with an increse in plysical argle asonemovedalong the
crackfront from the inmr surface towards to the hole bouargt or the outersuiface. For small
values of6 near the innersurface, tle bounday correctionfactor increasedwith anincreasein
the value of/c. At locations 1 and 2, with incesing values of), as one movedlongthe crack
front toward the hole boudy, the \alues of the solutions foeach & the thre a/c ratios
merged. Also at loations 3, 4, and 5 the behawitor bending and wedje load parallels that
observed fotension.

CONCLUDING REMARKS

The eyansion of the databasof known stress-intensiy factor (SIF) solutions of cracks
emanatiig from counersunk rivet holes ure tensionpendirg, andwedge load conditionshas
beenundertikenin this stug. Results wes generated for 117 diferent confgurations. The
crack ste, sha, and bcaion were sebcted D representtypical experimental obsevations. The
crack shapes were selected using theratio of thedliptical crack length in thethickness diretion
to that in the width directiorg/c = 0.5, 0.75, and 1.In addition the ratio of the Igth of the
straicht-shank portion of the hole to the plate thidss f/t) wasvaried ranging from 0.05, 0.25,
and0.50. Cracks afive locations wee analzed: (1) canercracks passig through the middle
of straigit-shankportion of therivet hole; (2)corne cracks passip though inner kree of tle
rivet hole; (3) breakthrogh cracks passinghrough the middle of the inclined dace of the



rivet hole; (4) breakthrough racks passinghrough the upper kee d the rivet hole; and5)
through-the-thickness iadk passiig throwgh the inneiand outer sdaces of the pte.

A global-intemediatelocal (GL) hierarchical submodelig techniqe was used tgenegte the
stress-intensity factor solutions. Results generated usingthe GIL gpproad were presented in
termsof thebounday correctionfactors. The effect of the shpe of tle clack, the loetion of the
crack,the length of the steight shank hat, and applied Edingwere pregented. The boundry
correction facbr was de¢rmined abng the crack front in terms of the physical angle measued
from the inner sdace of the plag to a point on the boundeof the cackfront.

In genedl, the values bbounday correction fators inceasedas one movelong the ciack
front from the inner sdiace of the plate toweds the hole boundg For small plysical angles,
i.e., near the ingr surfaceof the plate, tavalueof the bounday correctionfactor increagdwith
an inaeasein thevaue of a/c. As the plysical angle incea®d, i.e., at points on theaak front
neare the hole boundxry, the bounday correction factor solutions for the threedves ofa/c
merged. For the five crack locations conglered, he nner surface of the plate had less of an
influence on the bourady correction factor tlan the holeand outer surface boundarés. The
values of the boundsg correction fictor were highestfor the crack fronts closestto the hole
bounday. The tiends in the solutions were thanse for the three ladingconditions.
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FIGURE 33. BOUNDARY CORRECTON FACTORS, F, FOR CRACK
LOCATION 2 UNDER WEDGE LOADING, h/t =0.25

20
O alk=10
O ak=0.75
1.5 B A a/c=05

Bourdary Correcion 1.0 -
o)
Fector, F, boooo oo 088

oR A
fPooooooon8 34 B
05 MAAAAAA z
5 !
4
h
}
0.0 L L 1 1 1 |
0 15 30 45 60 75 920

Physical argle, 8 (degrees)

FIGURE 34. BOUNDARY CORRECTON FACTORS, F, FOR CRACK
LOCATION 2 UNDER WEDGE LOADING, h/t = 0.50
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FIGURE 35. BOUNDARY CORRECTON FACTORS, F, FOR CRACK
LOCATION 3 UNDER WEDGE LOADING, h/t = 0.05
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FIGURE 36. BOUNDARY CORRECTON FACTORS, F, FOR CRACK
LOCATION 3 UNDER WEDGE LOADING, h/t =0.25
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FIGURE 37. BOUNDARY CORRECTON FACTORS, F, FOR CRACK
LOCATION 3 UNDER WEDGE LOADING, h/t = 0.50
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FIGURE 38. BOUNDARY CORRECTON FACTORS, F, FOR CRACK
LOCATION 4 UNDER WEDGE LOADING, h/t = 0.05
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FIGURE 39. BOUNDARY CORRECTON FACTORS, F, FOR CRACK
LOCATION 4 UNDER WEDGE LOADING, h/t =0.25
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FIGURE 40. BOUNDARY CORRECTON FACTORS, F, FOR CRACK
LOCATION 4 UNDER WEDGE LOADING, h/t = 0.50
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TABLE 1. ANALYSIS MATRIX

hit 0.05,0.25, ard 05
alc 1.0, 075,ard 0.5
Locaions 1,2,3,4,and 5
Loading Canditions Tension, Bending, and Wedge Load

TABLE 2. BOUNDARY CORRECTON FACTORS R, FOR CRACK AT
LOCATION 1IN A COUNTERSINK RIVET HOLE IN A PLATE UNDER
TENSION FOR h/t = 0.05

K
(F=—7—=)
Sma/Q

ac=1.0 alc=0.75 alc =0.50

0(deg | F 0(deg | R 0(deg | F

0.00® 3.948 0.00( 3.530a 0.00( 29756
4.50D 4.0505 3.95® 3513 3.458 2.82D
9.00D 3.93a 7.922 3.44% 6.855) 2.872
13.5M0 3.890 11.890 3.41% 10.1700 2.909
18.000 3.858 15.8800 3.415 13.420 3.010
22.5M0 3.829 19.890 3.425 16.690 3.102
27.000 3.810 23.940 3.468 19.9M0 3.217%
31.490 3.802 28.000 3.488 23.2200 3.299
35.990 3.806 32.2M0 3.53 26.6@0 3.407
40.5M0 3.808 36.4590 3.582 30.2700 3.481
45.000 3.820 40.790 3.636 34.080 3.563
49.490 3.82% 45,230 3.68( 38.130 3.63%
54.010 3.865 49.790 3.748 42.5M0 3.717
58.5M0 3.87 54.4600 3.79® 47.180 3.779
63.000 3.91% 59.250 3.8516 52.240 3.848
67.490 3.940 64.100 3.908 57.6800 3.90%
71.990 3.998 69.1800 3.965 63.530 3.963
76.490 4.05% 74.290 4.033 69.750 4.03D
81.000 4116 79.480 4.07 76.3M0 4.053
85.5M0 4.248 84.790 4.205 83.0800 4150
90.000 4.162 90.0M0 4.052 90.0M0 3.938
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TABLE 3. BOUNDARY CORRECTON FACTORS R, FOR CRACK AT
LOCATION 1IN A COUNTERSUNK RIVET HOLE IN A PLATE UNDER

TENSION FOR h/t = 0.25

(F=— )
S+Vm/Q
ac=10 alc=0.75 alc = 0.50
0 (deg | R 6(deg | R 0(deg | F
0.00® 2.862L 0.0000 2.400 0.0000 1.888
4.50® 2.9557 2470 2.498) 2163 1.86%
8.99D 2.88% 4.9480 2.437 4.3147 1.86(8
13.500 2.881 7.425) 2.438) 6.4345 1.867
18.000 2.880 9.9040 2,43 85205 19116
22.5@M0 2.874 12.390 2.433 10.5%0 1.949
27.000 2.89% 14.880 2.45® 12.6@0 2.00&
31.490 2.90% 17.380 2.46D 14.6270 2.05%
36.0000 2.9338 19.890 2493 16.640 2128
40.490 2.959 22.4100 251D 18.6100 2170
44.990 3.008 24.980 255D 20.7180 2.2464
49.490 3.030 27.520 2570 22.780 2.3007
53.990 3.08% 30.1100 2.618 24.920 2.365
58.490 3.128 32.790 2.65D 27.100 2.42B
62.990 3.18® 35.3800 2.690 29.3%60 2.4877
67.490 3.23% 38.0800 2.73D 31.6650 25410
71.990 3.31%9 40.790 2.78® 34.070 25907
76.490 3.382 43.550 2.818 36.580 2.655
80.990 3.465 46.360 2.860 39.1%0 2.718
85.490 3.5994 49.2100 2.908 41.920 2.76@
90.000 3.58 52.1100 2.959 44.780 2.826
55.090 2.999 47.780 2.88
58.00 3.04D 50.990 2.93@
61.000 3.09D 54.2%0 2.900
64.1600 3.143 57.680 3.048
67.290 3.190 61.2%0 3.09%
70.4%0 3.24D 65.05.0 3.153
73.690 3.209) 68.9%0 3.208
76.880 3.359) 72.980 3.2614
80.140 3.41D 77.120 3.3244
83.4100 3.4410 81.3@0 3.3394
86.700 3.550 85.660 3.43%
90.000 3.36@ 90.000 3.2271
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TABLE 4. BOUNDARY CORRECTON FACTORS R, FOR CRACK AT
LOCATION 1 IN A COUNTERSINK RIVET HOLE IN A PLATE UNDER
TENSION FOR h/t = 0.50

(F=—r )
SVm/Q
ac=10 alc=0.75 alc = 0.50

0(deg | F 6(deg | R 0(deg | R

0 237% 0 2.01® 0 1561
2.81D 2547 2470 2.0084 2,168 1.54%
5.62D 24814 4.9480 2.05% 4.3147 1538
8.43 2.4918 7.425) 2.0507 6.4343 15410
11.280 2.48® 9.909 2.0507 8.52(5 157®
14.090 2.46@ 12.390 2.048 10.5%0 1.606
16.8700 2.46@ 14.880 2.06% 12.6@0 1.65&
19.690 2.467 17.380 2,078 14.6270 1.69%8
22.490 2.47% 19.890 2.10% 16.6880 1.754
25.3M0 2.47%B 22.4100 2.128 18.6100 1.802
28.1100 2.492 24.980 2.1580 20.7180 1.859
30.920 2508 27.520 2.18% 22.780 1.90%8
33.790 252 30.1100 2208 24.920 1.969
36.500 2.537 32.790 2.25% 27.100 2.018
39.390 25607 35.3800 2.29% 29.340 2.07%
42.1700 2582 38.08000 2.33® 31.6650 2.120
44.980 2.608 40.790 2.3841 34.050 2.18%
47.790 2.634 43.590 2.42% 36.58L0 2.24®
50.6(0 2.66@ 46.360 2.4777 39.1%0 2.299
53.4100 2.69% 49.2100 251 41.920 2.358
56.2200 2.73B 52.100 2.56& 44.790 2.41
59.090 2.766 55.090 2617 47.720 2.4704
61.840 2.80M 58.00 2677 50.9%0 2.53®
64.690 2.8464 61.000 2.728 54.2%0 2590
67.460 2.899) 64.1600 2.78 57.680 2.653
70.2700 2.93®8 67.2800 2.838 61.280 2715
73.000 2.99% 70.4%0 2.8964 65.05.0 2.7800
75.9000 3.04% 73.690 2.957 68.9%0 2.848
78.7100 3.110 76.8800 3.0286 72.980 2.91D
81.520 3.179 80.1400 3.099 77.1%0 2.9877
84.300 3.235 83.4100 3.135 81.37.0 3.0264
87.1600 3.349 86.700 3.253 85.660 3.139
90.000 3.257 90.000 311D 90.000 2.08%
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TABLE 5. BOUNDARY CORRECTON FACTORS R, FOR CRACK AT
LOCATION 2 IN A COUNTERSINK RIVET HOLE IN A PLATE UNDER
TENSION FOR h/t = 0.05

(F=—r )
SVm/Q
ac=10 alc=0.75 alkc = 0.50

0 (deg | F 0(deg | R 0(deg | R

0.00® 3.9247 0.0000 3.4821 0.0000 2.87M
3.032 4.13%6 2.6674 35813 2330 2812
6.06% 4.028 5.33% 3.487% 46480 2.8063
9.353 4.0037 8.23% 3.467L 7.118 2.8048
12.680 3.96® 11.130 3.462 9.5421 2.8767
16.2110 3.9419 14.280 3.439% 12.130 2.936
19.7770 3.91% 17.4580 3.472 14.690 3.042
23.6%0 3.908 20.950 3.48% 17.460 3.123
27.510 3.902 24.4040 3.5334 20.260 3.23%
31.760 3.908 28.220 3.56® 23.3%50 3.33%
35.980 3.93® 32.1110 3.631 26.5810 3.44@
40.4%0 3.94B 36.480 3.69D 30.220 3.5488
44.9%0 3.978 40.760 3.767 34.0%0 3.6656
49.580 4.0087 45.200 3.834 38.1810 3.76@8
54.080 4.069 49.880 3.928 42.520 3.868
58.290 4.10D 54.20 3.996 46.950 3.958
62.4810 417G 58.7(0 4.0854 51.6%50 4.047
66.3B0 4.230 62.8970 4162 56.2650 4.138
70.2210 4.313 67.1810 4.25%8 61.150 4218
73.780 4.408 71.2(80 4.358. 65.980 4.315
77.36.0 4.49D 75.2780 4.44D 70.9%0 4.388
80.620 4.66D 79.0770 4.608 75.760 4.53%5
83.980 4.6221 82.90L0 4.565 80.7QL0 4.478
86.900 5.16@ 86.480 5.046 85.33L0 4.890
90.000 4.09% 90.000 4.038 90.000 3.9504
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TABLE 6. BOUNDARY CORRECTON FACTORS R, FOR CRACK AT
LOCATION 2 IN A COUNTERSINK RIVET HOLE IN A PLATE UNDER
TENSION FOR h/t = 0.25

(F=—r )
SVm/Q
ac=10 ac=0.75 alkc = 0.50
0 (deg | R 0(deg | R 0(deg | F
0.00® 2695 0.0000 2.20%6 0.0000 1.7057
4.538 2,79 2.002L 2.33® 1753 1718
9.076 2.747L 4.00%6 2,285 3.498 17033
14.2720 2.75% 6.1277 2292 5.3284 1.70®
19.4670 2774 8.252% 2291 7.13%6 17372
25.4140 2.800 10.5070 2.28% 9.0220 1.76%
31.300 2.86@ 12.760 2.308 10.8%0 1.81%
38.180 2.92% 15.160 2.3210 12.8390 1.86%
44.970 3.038 17.520 2.352 14.780 1.93@3
51.760 3.13@ 20.1%0 2.38%6 16.8410 1.990
58.590 3.28% 22.7140 2.424 18.9110 2.0634
64.580 3.4104 25.460 2.46% 21.120 2.132
70.4810 3.564 28.2470 2520 23.390 2.21D
75.600 3.763 31.250 2572 25.880 2.2884
80.8740 3.858 34.280 2.638 28.3%0 2.378
85.4%0 4.341 37.480 2.702L 31.100 2.45®
90.000 3.770 40.7680 2779 34.0%0 2.55@
44,180 2.85(7 37.130 2.638
47.570 2.938 40.35.0 2.735
50.8650 3.008 43.5%0 2.818
54.2200 3.094 46.9%0 2.91%6
57.4410 3.170 50.290 2.99%
60.7170 3.2504 53.880 3.096
63.80 3.34@ 57.380 3.1784
67.020 3.43% 61.080 3.27D
70.080 3.5286 64.6140 3.36D
73.180 3.6204 68.3%0 3.454
76.080 3.722 71.980 3.56D
79.0470 3.822 75.780 3.657
81.820 3.97B 79.320 3.799
84.6670 3.95% 83.0010 3.78®
87.380 4.3690 86.4310 4.158
90.000 3.5424 90.000 3.426
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TABLE 7. BOUNDARY CORRECTON FACTORS R, FOR CRACK AT
LOCATION 2 IN A COUNTERSINK RIVET HOLE IN A PLATE UNDER
TENSION FOR h/t = 0.50

(F=—r )
SVm/Q
ac=10 alc=0.75 alkc = 0.50
0 (deg | F 0(deg | R 0(deg | R
0.00® 23383 0.0000 1.969 0.0000 1,608
4.536 2.4177 2.002L 2.0804 1753 1.6068
9.073B 2.368L 4.0006 2.023 3.498 158
14.260 23611 6.1277 2.0218 5.3284 1570
19.480 2368 8.2524 2.01@ 7.13% 1.5857
25.4040 2376 10.5070 2.003 9.0220 1.5968
31.380 2.42% 12.760 2.008 10.8%0 1.635
38.1510 2.467 15.160 2.018 12.8400 1.660
44,950 25621 17.520 2.0284 14.780 1.708
51.7610 2647 20.1%0 2.0427 16.8410 1.748
58.560 2787 22.7140 2,073 18.9110 17968
64.5130 2.91% 25.4@80 2.0084 21.190 1.848
70.4%B0 3.074 28.2470 2.14® 23.390 1.903
75.65.0 3.278 31.250 2170 25.8440 1.958
80.8440 3.396 34.280 2.224 28.3%0 2.023
85.420 3.85D 37.480 2279 31.180 2.087L
90.000 3.42B 40.7&0 2.342 34.050 2.15%8
44.1470 2.4034 37.130 2.2300
47.570 2475 40.35.0 231G
50.8650 2544 43.5%0 2.3847
54.2190 2,626 46.9%0 2.46@
57.44.0 2.6977 50.290 2.54@
60.7170 2.788 53.880 2.635
63.850 2.868 57.320 2.71%
67.020 2.9610 61.080 2.81%
70.080 3.05G6 64.6550 2.907
73.180 3.155 68.3510 3.0097
76.0810 3.268 71.980 3.114
79.0470 3.37D 75.780 3.22D
81.85.0 3.52% 79.320 3.376
84.6670 3.558 83.020 3.40%8
87.33L0 3.90% 86.4%80 3.732
90.000 3.299 90.000 3.208
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TABLE 8. BOUNDARY CORRECTON FACTORS R, FOR CRACK AT
LOCATION 3 IN A COUNTERSINK RIVET HOLE IN A PLATE UNDER
TENSION FOR h/t = 0.05

(F=—r )
SVm/Q
ac=10 alc=0.75 alkc = 0.50

0 (deg | F 0(deg | R 0(deg | R
0.00® 2108 0.0000 1.98%6 0.0000 18077
1.33® 2.418) 1197 2201 1216 18712
2.678 2352 23940 21527 2417 1.839
4.016 2,428 3.679 2.1941 3709 1.82%
5.35% 24231 4.9563 21911 4.978% 1.83a
6.698 2.438L 6.3277 2.19% 6.3306 1.843
8.032 2.4473 7.69%8 2.205 7.668 18710
9.372L 2.45® 9.1690 2.20%8 9.08% 1.8047
10.7110 2.478 10.6400 2.22% 10.480 1.93B
12.090 2.48%3 12.250 2248 11.980 1.973
13.380 2.49% 13.7%80 2278 13.450 2.031L
14.780 2510 15.4%0 2.2990 15.0380 2.082
16.060 2535 17.1810 2.33% 16.6T70 2.144
17.460 25521 19.0010 2372 18.310 2.21%
18.740 2576 20.820 2.428 20.020 2.2934
20.080 2503 22,660 2.470 21.7%0 2368
21.420 2.622 24510 2533 23.5®0 2.456
22.76.0 2.640 26.2450 2.58% 25.18.0 2539
24.100 2.67% 27.990 2.6564 26.8%0 2.630
25.480 2.69% 29.620 2718 28.5T70 2715
26.7770 2.72& 31.280 2.796 30.180 2.820
28.1160 2.756 32.8410 2.855 31.760 2912
29.4%0 2.792 34.4@80 2.970 33.4%50 3.0638
30.7810 2.82 35.8810 3.018 34.990 3.134
32.180 2.86% 37.300 3.24® 36.6130 3.4280
33.4720 2.899) 38.760 3.158 38.180 3.356
34.8110 2.945 40.100 3.808 39.7%80 4.279
36.190 2.98% 41.560 3.19% 41.280 3.47%
37.480 3.044 42.840 4.9477 42.840 6.100
38.8270 3.08%

40.1650 3.140

41560 3.18%

42.840 3.172
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TABLE 9. BOUNDARY CORRECTON FACTORS R, FOR CRACK AT
LOCATION 3 IN A COUNTERSINK RIVET HOLE IN A PLATE UNDER
TENSION FOR h/t = 0.25

(F=—r )
SVm/Q
ac=10 alc=0.75 alkc = 0.50

0 (deg | F 0(deg | R 0(deg | R

0.00® 21801 0.0000 2.060 0.0000 1.80a
1701 2.433B 1.2097 2.202 15617 1818
3.402 23747 2.59% 21715 3116 1L77%
5.103 2.4197 3973 2179 4.65% 17637
6.802 2.4121 5.35% 21610 6.1863 1768
8.50% 2417 6.816 2.15% 7.69B 17712
10.2660 2.41@ 8.2784 2155 9.18% 1.7951
11.9000 24206 9.828 2.15% 10.660 1.817
13.6@0 2.4377 11.380 2.16(8 12.130 1.846
15.300 2.43® 13.080 2.16% 13.580 1.87%
17.000 2.452 14.60 2.18% 15.0410 1.913
18.7120 2.46% 16.4310 2.195 16.4910 1.9467
20.410 2.480 18.180 2201 17.950 1.996
22.1140 2.49% 20.090 2.24B 19.4100 2.0284
23.850 2518 21.9%0 2.27% 20.890 2.076
25.550 2539 23.9%0 2317 22.390 2120
27.2160 2563 25.99)0 2.357 23.9%60 2.17%
28.9180 25884 27.9%0 2.408 25.46.0 2220
30.6990 2619 30.0180 2.458 27.0%0 2271
32.320 2.64%B 31.900 2.50% 28.640 2.332
34.02L0 2.687 33.930 2.567% 30.24.0 2.3954
35.720 2725 35.7900 2.62% 31.900 2.45%
37.420 2767 37.6%50 2.698 33.740 2.52@
39.1240 2.80% 39.4700 2.768 35.490 2.605
40.8%0 2.865 41.280 2.85(0 37.3B0 2.680
42.5%50 2,012 43.000 2.914 39.2%0 2772
44.2270 2.98& 44.7540 3.04B 41.180 2.88%
45.9B0 3.040 46.4%60 3.108 43.2180 2.983B
47.620 3.16% 48.080 3.33B 45.3110 3.158
49.390 3.196 49.690 3.304 47470 3.2784
51.03L0 3.534 51.30 4.01B 49.7770 3.7164
52.720 3.36(8 52.86L0 3.458 52.0%0 3.729
54.480 4.280 54.480 5.449) 54.480 5.281
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TABLE 10. BOUNDARY CORRECTON FACTORS, k, FOR CRACK AT
LOCATION 3 IN A COUNTERSINK RIVET HOLE IN A PLATE UNDER
TENSION FOR h/t = 0.50

(F=—r )
SVm/Q
ac=10 ac=0.75 alkc = 0.50

0 (deg | R 0(deg | R 0(deg | F

0.00® 2.30%6 0.0000 2.09% 0.0000 1910
2.13% 2.4665 19583 21904 1816 1.887
4.27® 2412 39171 2126 3.625 1.83%
6.4064 2428 5.8765 2118 5.4108 1.8087
8.540 2405 7.837 2.0908 717 1.80%
10.6770 2.389 9.80% 20715 8.916 1.79®
12.810 2.37% 11.7670 2.062 10.6%0 1815
14.980 2369 13.730 2.054 12.340 1.827
17.0810 2.36% 15.7110 2.05@ 14.0350 1.8534
19.2190 23623 17.690 2.050 15.750 1.87D
21.350 2.36% 19.60 2.067 17.4180 1.9021
23.490 2.366 21.6%0 2.07% 19.120 1.928
25.6250 2375 23.680 2.092 20.820 1.95%
27.76.0 2.382 25.7(80 2.108 22 580 1.988
29.8%0 2.3964 27.7%0 2.13% 24.3B0 2.024
32.020 2.40% 29.7&0 2.15% 26.1680 2.058
34.1670 2.430 31.8510 2.18% 28.0D0 2.098
36.3(80 2.45@ 33.900 2218 29.920 2.13D
38.4B0 2.476 36.0470 2.25% 31.890 2178
40.570 2.504 38.1%0 2.28® 33.890 2.203%
42.70 2.53% 40.390 2.338 35.9870 2278
44.8%50 2576 42.5®0 2383 38.190 23271
46.9800 2.622 44.780 2.44® 40.380 2.38®
49.150 2.669 46.9450 2.499 42.780 2.45%5
51.25.0 2.73@8 49.2000 2573 45.140 2,520
53.380 2.799 51.4970 2.64% 47.660 2.609
55.520 2.884 53.8160 2754 50.2&0 2.718
57.650 2.958 56.1650 2.83% 53.040 2.81B
59.780 3.102 58.520 3.017 55.800 2.9677
61.980 3.19% 60.90 3.109 58.7%0 3.117
64.0640 3.569 63.3860 3.508 61.800 3.4710
66.190 3570 65.8470 3.504 65.000 3.61%
68.3310 4.825 68.3310 5.12% 68.3310 4.9760
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TABLE 11. BOUNDARY CORRECTON FACTORS, k, FOR CRACK AT
LOCATION 4 IN A COUNTERSINK RIVET HOLE IN A PLATE UNDER
TENSION FOR h/t = 0.05

(F=—r )
SVm/Q
ac=10 ac=0.75 alkc = 0.50

0 (deg | R 0(deg | R 0(deg | F

0.00® 21551 0.0000 21871 0.0000 2.08a
1.29% 2.4107 1.25% 2379 1.27% 2310
2.590 2,342 2511 2.2948 25473 2.23@
3.888 2.37% 37672 2304 3.812 2.19%
5.187 2.3501 5.02% 20764 5.06% 2.168
6.470 2352 6.280L 22571 6.3118 2.140
7772 2,339 7.5374 2.240 7.544 2138
9.06® 23324 8.79% 2.2057 8.76% 21238
10.380 2326 10.0%50 22173 9.9763 2.130
11.690 2317 11.350 2208 11.180 2.1310
12.950 2313 125770 2.205 12.3B0 2.148
14.280 2.308 13.8400 2.202 13.560 2.15%
15.560 2.30% 15.160 2.208 14.780 2179
16.8400 2306 16.330 2.208 15.9350 2.18%
18.130 2.30% 17.640 2218 17.130 2.20%
19.4310 2.30% 18.9770 220D 18.310 2.236
20.7250 2.31% 20.1810 2.23% 19.550 2257
22.020 2.31& 21.470 2.2464 20.720 2.28D
23.370 23283 22.7600 2.26% 21.920 2.318
24.610 2.33% 24.090 2288 23.1%50 2.340
25.980 2.34%) 25.3%60 2.307 24.4240 2.386
27.2(80 2.35% 26.6%650 2334 25.69.0 2.426
28.490 2374 27.9%0 2363 26.990 2470
29.7910 2.3847 29.2650 2.395 28.2800 2,528
31.090 2.405 30.580 2.43% 29.620 2.59%)
32.38%0 2.420 31.940 2.488 30.980 2.6677
33.68.0 2.44% 33.280 2538 32.3%50 2.750
34.9%0 2473 34.580 2.59% 33.790 2.86%
36.27.0 25034 35.940 2678 35.290 2.96(6
37.560 2,550 37.380 2.78% 36.740 3.228
38.820 2518 38.680 2.87® 38.270 3.243%
40.1%0 2677 40.06L0 3.179 39.820 4119
41.4%80 2.298 41.4%80 2.944 41.4%80 3.398}
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TABLE 12. BOUNDARY CORRECTON FACTORS, k, FOR CRACK AT
LOCATION 4 IN A COUNTERSINK RIVET HOLE IN A PLATE UNDER
TENSION FOR h/t = 0.25

(F=—r )
SVm/Q
ac=10 alc=0.75 alkc = 0.50

0 (deg | F 0(deg | R 0(deg | R

0.00® 219% 0.0000 2.19@ 0.0000 20465
15065 2.4218 1.4418 2.3477 1.4316 22511
3.013 23553 2.88%7 2.2667 2.85M 2.168L
4.51% 23815 4.326 2268 4274 2128
6.020 2.358% 5.768 2.238 5.67% 21015
7.53% 2347 7.21%5 22121 7.068L 2075
9.032 2332 8.651 21938 8.4429 20715
10.560 2321 10.1®0 2177 9.808 2.062%
12.080 2.31% 11.590 2.16@ 11.1%0 2.07®
13.590 2.30D 13.000 2.158 12.4%0 2.07%
15.060 2.20®8 14.450 2.15% 13.80 2.0883
16.5720 2.29% 15.9660 2.152 15.160 2.008
18.080 2.29D 17.3640 2.158 16.4%80 2114
19.580 2296 18.850 2.158 17.800 2.13®
21.090 2.29D 20.290 2.16® 19.120 2.155
22.580 2.20% 21.7640 2170 20.5%50 21721
241650 2.300 23.2410 2.198 21.880 2.19%
25.6110 2.30% 24.750 2.208 23.2780 2223
27.1180 2.31% 26.2160 2.20% 24.620 2.254
28.6240 2.32% 27.750 2.24@ 26.1110 2286
30.130 234 29.220 2278 27.560 2326
31.6%0 2353 30.780 2.302 29.080 2.36%
33.1440 2378 32.2610 2.33% 30.560 2.41%
34.690 2.394 33.80 2376 32.190 2.46%B
36.150 2.428 35.390 2.42%B 33.7110 2538
37.660 2.45@ 36.9100 2.47% 35.3440 2619
39.1700 2.49B 38.4820 2.548 37.080 2.708
40.6770 2538 40.0680 2.622 38.75.0 2.838B
42.180 2580 41.6670 2712 40.520 29017
43.680 2.658 43.2800 2.865 42.36.0 3.237L
45.1%0 2.698 44.980 2.9604 44.2%90 3.186
46.7(B0 28894 46.55.0 3.388 46.190 4.282%
48.200 2.62% 48.200 3.128 48.200 3.264
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TABLE 13. BOUNDARY CORRECTON FACTORS,F, FOR CRACK AT
LOCATION 4 IN A COUNTERSINK RIVET HOLE IN A PLATE UNDER
TENSION FOR h/t = 0.50

(F=—r )
SVm/Q
ac=10 ac=0.75 alkc = 0.50

0 (deg | R 0(deg | R 0(deg | F

0.00® 2.262 0.0000 20188 0.0000 22316
1.8504 2453 1736 2338 1.654 2.2006
3.7007 2.38% 3.4614 2.25% 3.3006 2121
5.550 23953 5.198 2.23® 4.93%77 207
7.40D 2,368 6.925 22014 6.5464 2.0513
9.25% 2342 8.65® 2.17% 8.140 2.02%
1110 2.330 10.3%10 21538 9.710 2.025
12.950 2313 12.120 2133 11.270 2.018®
14.880 2.300 13.830 2.122 12.8240 2.0267
16.630 2.28%8 15.6180 2111 14.360 2.0284
18.580 2.28% 17.380 2.108 15.9010 2.048
20.3510 2.27% 19.120 2.1064 17.4450 2.054
22.2040 2278 20.860 2111 18.9%0 2.079
24.050 2278 22.6%0 2114 20.560 2.0867
25.9G60 2.279 24.480 2.12%B 22.120 2.108
27.7%0 2276 26.220 2.138 23.780 2120
29.660 2285 28.020 2.15% 25.380 2.158
31.4%0 2.292 29.8310 2.164 27.090 2.176
33.360 2306 31.6600 2.19% 28.7%0 2.20&7
35.1%0 2.31% 33.500 221% 30.5010 2.23®
37.0000 2.34(8 35.3B0 2.250 32.300 2277
38.850 2361 37.220 2.28B 34.190 2.31a
40.7070 2398 39.1240 232D 36.0%0 2374
42.550 2.42G 41.0%0 2378 38.0240 2.438
44.4@80 2.462 42.9670 2.434 40.090 2.508
46.2%0 2.508 44.990 2.50%6 42.160 2.592
48.1(80 2565 46.880 2.58% 44.3470 2.6821
49.990 2.638 48.880 2.68% 46.6(0 2.84%5
51.8(00 2713 50.9070 2.78® 48.9%0 2.918
53.690 2.84% 52.90 3.0204 51.320 3.334
55.5100 2.939 55.080 3.084 53.90L0 3.158
57.3600 3.307L 57.1600 3.819 56.5110 4675
59.2100 3.110 59.2100 3.27% 59.2100 2.9994
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TABLE 14. BOUNDARY CORRECTON FACTORS, k, FOR CRACK AT
LOCATION 5IN A COUNTERSUNK RIVET HOLE IN A PLATE UNDER
TENSION FOR h/t = 0.05, 0.25, 0.5; AND &#l1.0

(F=—r )
SVm/Q
ht=0.05 ht=0.25 ht=0.5

0 (deg | F 0(deg | R 0(deg | R

0.00® 2159 0.0000 21268 0.0000 2.10%6
0.582 2,476 0.582 2.4461 0.582 2,420
1.1664 2.428 1.1664 2.39% 1.1664 23718
1749 2.4975 1749 2463 1749 2,439
2.33D 2.48% 2332 2.45% 2332 2.4306
2.916 25015 2916l 2.46%8 2916l 2,442
3.498 2.49% 3.49%8 24671 3.49%8 2.4397
4.085 25016 4.08%5 2.46® 4.08%5 2.4414
4.665 2,509 4.6657 24701 4.6657 2442
5.24® 25012 5.248 2.4681 5.248 2.44(8
5.832 25037 5.832 2.4704 5.832 2.44%
6.415 2502 6.415 2.4697 6.415 2.4417
6.99% 2.5047 6.99% 24711 6.99% 2.442
7.5818 25063 7.5818 2475 7.5818 2.4441
8.168 2,508 8.169 24753 8.169 2.4468
8.748 25124 8.748 2.4781 8.7483 2.44%
9.335 2516 9.3315 24816 9.3315 24528
9.9147 25208 9.9147 2.4861 9.9147 2457
10.480 2.52% 10.480 2.49% 10.480 2.46%
11.080 2.53B 11.080 2.498 11.080 2.46®
11.6640 25421 11.6640 2.50& 11.6640 2.478
12.280 2 5504 12.280 2514 12.280 2.485
12.830 2563 12.8310 2528 12.8310 2.497L
13.4140 257% 13.4140 2,537 13.4140 2.507L
13.9970 2594 13.9970 2.55%6 13.990 2528
14580 2.604 14.580 2.56® 14.580 253D
15.1610 2.63B 15.1640 2.59@ 15.1640 2565
15.740 2644 15.740 2.6064 15.740 2579
16.330 2718 16.330 2,678 16.330 2.646
16.910 2.68% 16.910 2.64& 16.910 26168
17.490 2.96@ 17.490 2.928 17.490 2.888
18.080 2.6804 18.080 2.645 18.080 2.60%
18.680 3.55@ 18.680 3.508 18.680 3.46%
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TABLE 15. BOUNDARY CORRECTON FACTORS, 5, FOR CRACK AT
LOCATION 1 IN A COUNTERSINK RIVET HOLE IN A PLATE UNDER
BENDING FOR h/t = 0.05

(Fp=— )
S,Vma/Q
ac=10 ac=0.75 alkc = 0.50

0(deg | Fo 0(deg | Fo 0(deg | Fo

0.00® 0.71® 0.0000 0.63% 0.0000 05238
4.507 0.73% 3.950 0.6317 3.45% 0.5006
9.001L 0.71% 7.9219 0.6227 6.8553 0.5141
13.490 0.71D 11.820 0.62® 10.180 0.528
17.990 0.708 15.87%0 0.628 13.4160 0.540
22.4970 0.707L 19.890 0.63(® 16.660 0.5664
26.9%0 0.708 23.980 0.642 19.8%0 0.59D
31.4810 0.716 28.080 0.6494 23.2170 0.609
35.9%0 0.71% 32.200 0.6624 26.66.0 0.63%
40.500 0.718 36.490 0.67D 30.2670 0.65(6
44.9970 0.724 40.760 0.68B 34.0%0 0.66®
49.4%80 0.728 45.250 0.698 38.1310 0.686L
54.080 0.738 49.760 0.713 42.4900 0.70B
58.560 0.74% 54.4@0 0.72% 47.180 0.718
62.990 0.758 59.2510 0.73a 52.2%0 0.732
67.4310 0.765 64.190 0.75® 57.680 0.747
71.990 0.774 69.1810 0.76% 63.520 0.7604
76.49.0 0.78® 74.29.0 0.778 69.790 0.77%
81.020 0.80aL 79.4%0 0.78® 76.290 0.787
85.5(80 0.828 84.73L0 0.81® 83.0770 0.80B
90.000 0.81%® 90.000 0.78% 90.000 0.76%
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TABLE 16. BOUNDARY CORRECTON FACTORS, 5, FOR CRACK AT
LOCATION 1 IN A COUNTERSINK RIVET HOLE IN A PLATE UNDER
BENDING FOR h/t =0.25

(Fp=— )
S,Vma/Q
ac=10 ac=0.75 alkc = 0.50
0(deg | Fo 0(deg | Fo 6(deg | Fo
0.00® 0.420 0.0000 0.338 0.0000 0.2297
4.49% 0.456 24740 0.362 2.169 0.230
8.99% 0.4616 4.9483 0.362 43147 0.24%
13.480 0.4767 7.4247 0.3717 6.43%5 0.256
17.980 0.492 9.9041 0.3810 85206 0.273
22.4%0 0.508 12.380 0.39® 10.5%0 0.288
26.9%0 0.528 14.800 0.400 12.6@0 0.308}
31.4810 0.54B 17.3M0 0.41@ 14.6270 0.328
35.9%0 0.57® 19.890 0.431% 16.640 0.34%
40.4%80 0.58® 22.450 0.44% 18.6T00 0.36@
44.980 0.612 24.990 0.46%6 20.7180 0.38%
49.480 0.63%5 27.5240 0.47€@ 22.780 0.4064
53.99.0 0.65® 30.140 0.493 24.920 0.427
58.490 0.67% 32.730 0.508D 27.100 0.44&
62.990 0.700 35.38.0 0.526 29.3%60 0.466
67.480 0.72%9 38.060 0.542 31.6650 0.480
71.9890 0.75% 40.7680 0.56( 34.07%0 0.5054
76.480 0.775 43.58.0 0.576 36.580 0.528
80.980 0.80® 46.3B0 0.5941 39.1%0 0.54%
85.4310 0.83® 49.2(000 0.60% 41.920 0.5618
90.000 0.8440 52.160 0.625 44.780 0.58%
55.080 0.64D 47.780 0.5984
58.080 0.66Q 50.990 0.616
61.000 0.676 54.2%0 0.632
64.150 0.692 57.680 0.658
67.280 0.70® 61.2%0 0.66®
70.45.0 0.725 65.05.0 0.686
73.6/80 0.74D 68.9%0 0.700
76.8800 0.75® 72.980 0.726
80.1%70 0775 77.120 0.739
83.410 0.78B 81.300 0.74@
86.7G50 0.818 85.680 0.77%
90.000 0.788 90.000 0.743
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TABLE 17. BOUNDARY CORRECTON FACTORS, 5, FOR CRACK AT
LOCATION 1 IN A COUNTERSINK RIVET HOLE IN A PLATE UNDER
BENDING FOR h/t = 0.50

(Fp=— )
S,Vma/Q
ac=10 ac=0.75 alkc = 0.50

(deg | Fo o(deg | Fo o(deg | Fo

0.00® 0.31®8 0.0000 0.238 0.0000 0.136
2.810 0.350 2.47% 0.264 2.160 0.14%
5.621 0.35% 4.948 0.272 43147 0.165
8.433B 0.377 7.4200 0.288 6.438 0.17%
11.240 0.3911 9.904% 0.3019 8.5206 0.197%
14.050 0.4054 12.380 0.310 10.5%0 0.218
16.860 0.428 14.80 0.338 12.6@80 0.238
19.6770 0.432 17.300 0.353 14.6270 0.2597
22.480 0.45@ 19.880 0.373 16.680 0.2834
25.290 0.47% 22450 0.393 18.6700 0.30D
28.1100 0.4927 24.9%80 0.414 20.7180 0.33a
30.9210 0.510 27.580 0.43% 22.780 0.352
33.720 0.532 30.180 0.45@® 24.920 0.377
36.580 0.5504 32.730 0.478 27.100 0.40D
39.3510 0.57® 35.3800 0.505 29.3%60 0.42%B
42.160 0.59® 38.060 0.52% 31.6650 0.44%
44.970 0.619 40.7680 0.54B 34.0%0 0.474
47780 0.638 43.58.0 0.5697 36.58L0 0.498
50.580 0.653 46.3%0 0.593 39.1%0 0.52
53.4@80 0.674 49.2(80 0.616 41.90 0.548
56.2200 0.6968 52.1650 0.63% 44.790 0575
59.020 0.717 55.080 0.66%5 47.790 0.59B
61.84.0 0.73a 58.04L0 0.686 50.9%0 0.626
64.620 0.76@ 61.080 0.708 54.2%0 0.64%
67.480 0.783 64.16L0 0.73% 57.680 0.67G
70.270 0.80% 67.260 0.7567 61.280 0.69%8
73.08%0 0.828 70.4%0 0.782 65.05.0 0.728
75.8%0 0.85(07 73.690 0.808L 68.9%0 0.746
78.700 0.875 76.8800 0.82® 72.980 0.772
81.5190 0.9011 80.1%70 0.8567 77.1%0 0.80G8
84.320 0.923 83.4130 0.876 81.37.0 0.826
87.1610 0.96B 86.780 0.91% 85.680 0.85a
90.000 0.942 90.000 0.892 90.000 0.830
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TABLE 18. BOUNDARY CORRECTON FACTORS, 5, FOR CRACK AT
LOCATION 2 IN A COUNTERSINK RIVET HOLE IN A PLATE UNDER
BENDING FOR h/t = 0.05

(Fp=— )
S,Vma/Q
ac=10 ac=0.75 alkc = 0.50

(deg | Fo o(deg | Fo o(deg | Fo

0.00® 0.70% 0.0000 0.6608 0.0000 0.498
3.032 0.75%5 26674 0.68D 2330 0.492
6.06% 0.737L 5.33% 0.662 46480 0.4957
9.3534 0.73% 8.23% 0.662 7.118 0.5009
12.680 0.73% 11.1%0 0.673 9.5421 0.51%
16.2110 0.73% 14.280 0.672 12.130 0.5364
19.7770 0.74® 17.480 0.68% 14.690 0.5618
23.6%50 0.748 20.950 0.69( 17.460 0.58B
27,5100 0.752 24.4010 0.70% 20.2690 0.61G6
31.760 0.75@ 28.220 0.71® 23.3%50 0.63D
35.980 0.76® 32.1110 0.73B 26.5810 0.6634
40.4%0 0.774 36.480 0.753 30.220 0.689
44.9%0 0.79% 40.760 0.772 34.0%0 0.717
49.580 0.806L 45.200 0.79D 38.1810 0.74D
54.080 0.822 49.880 0.81& 42.520 0.76®
58.290 0.837L 54.280 0.83% 46.9570 0.79%6
62.4810 0.85% 58.7(0 0.85% 51.6%50 0.81%
66.3B0 0.87D 62.8970 0.87B 56.2650 0.838
70.22L0 0.8924 67.1810 0.89% 61.150 0.857
73.780 0.918 71.2(80 0.9234 65.980 0.88G8
77.36.0 0.938 75.280 0.944 70.9%0 0.89%
80.620 0.97% 79.0770 0.982 75.760 0.939
83.980 0.968 82.90L0 0.978 80.7QL0 0.92D
86.900 1.085 86.4480 1.08% 85.33L0 1013
90.000 0.848. 90.000 0.85% 90.000 0.81%
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TABLE 19. BOUNDARY CORRECTON FACTORS, 5, FOR CRACK AT
LOCATION 2 IN A COUNTERSINK RIVET HOLE IN A PLATE UNDER
BENDING FOR h/t =0.25

(Fp=— )
S,Vma/Q
ac=10 alc=0.75 alkc = 0.50
o(deg | Fo o(deg | Fo o(deg | Fo
0.00® 0.4087 0.0000 0.302 0.0000 0.1900
4.538 0.45% 2.002L 0.34% 1753 0.20%
9.076 0480 4.0006 0.35@ 3.498 02168
14.2720 0518 6.1277 0.3663 5.3284 0.2315
19.4670 0.55% 8.2524 0.3810 7.13%6 0.2512
25.4140 0.601 10.5070 0.3968 9.0220 0.2710
31.380 0.65% 12.760 0.416 10.8%0 0.299
38.180 0.71% 15.160 0.43@ 12.8390 0.326
44.9%0 0.788 17.520 0.4597 14.780 0.349
51.760 0.848 20.1%0 0.48% 16.8410 0.375
58.590 0.91B 22.7140 0516 18.9110 0.408
64.580 0.978 25.4@80 0.53® 21.120 0.440
70.4810 1.045 28.2470 0.56& 23.390 0.47D
75.600 112D 31.250 0.598 25.880 0.50®
80.8740 1159 34.280 0.63% 28.3%0 0.54D
85.4%0 1325 37.480 0.667 31.180 0.58(
90.000 1.149 40.7680 0.708 34.050 0.618
44.180 0.738 37.130 0.656L
47.570 0.770 40.38.0 0.6947
50.8650 0.811 43.5%0 0.7304
54.220 0.8477 46.9%0 0.76B
57.4410 0.88® 50.290 0.80D
60.7170 0.916 53.880 0.83®
63.80 0.94% 57.380 0.87D
67.020 0.98% 61.080 0.9077
70.080 1.018 64.6140 0.9421
73.180 1.05@ 68.3%0 0.97®
76.080 1.00% 71.980 1.018
79.0470 113G 75.780 1.056
81.820 1.18% 79.320 1102
84.6670 1.183 83.0040 1.108
87.380 1.326 86.4310 1.23@
90.000 1.062 90.000 1018
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TABLE 20. BOUNDARY CORRECTON FACTORS, 5, FOR CRACK AT
LOCATION 2 IN A COUNTERSINK RIVET HOLE IN A PLATE UNDER
BENDING FOR h/t = 0.50

(Fp=— )
S,Vma/Q
ac=10 alc=0.75 alkc = 0.50
o(deg | Fo o(deg | Fo o(deg | Fo
0.00® 0.3555 0.0000 0.27% 0.0000 0.1847
4.536 0.4137 2.002L 0.31%6 1753 0.202
9.073B 0.448 4.0006 0.323 3.498 0218
14.260 0.4972 6.1277 0.3443 5.3284 0.232
19.480 0.55% 8.2524 0.362 7.13%6 0.25/0
25.4010 0.61 10.5070 0.388 9.0220 0277
31.380 0.6854 12.760 0.402 10.8%0 0.308
38.1540 0.76% 15.160 0.43% 12.8400 0.339
44.9%0 0.855 17.520 0.463 14.780 0.363
51.7610 0.943 20.1%0 0.49% 16.8410 0.394
58.5@0 1.04% 22.7140 0.528 18.9110 0.428
64.5130 1133 25.4@80 0.55% 21.190 0.463
70.4%B0 1.208 28.2470 0.596 23.390 0.501
75.65.0 1.339 31.250 0.63%5 25.8440 0.53%
80.8440 1.40D 34.280 0.676& 28.3%0 0.58®
85.420 1.629 37.480 0.719 31.180 0.62%5
90.000 1.448 40.7&0 0.766 34.050 0.667%
44.140 0.8119 37.130 0.71%
47.570 0.8613 40.38.0 0.75&
50.8650 0.906 43.5%0 0.80B
54.2190 0.95% 46.9%0 0.85®
57.4410 1.008 50.290 0.89%
60.7170 1.05D 53.880 0.94%5
63.850 1.09 57.320 0.988
67.020 1.14% 61.080 1.037
70.080 1.196 64.6550 1.08
73.180 1.25G 68.3510 1138
76.0840 1.304 71.980 1.19D
79.0470 1.359 75.780 1.245
81.85.0 1.434 79.320 1319
84.6670 1.453 83.020 1.3464
87.33L0 1.628 86.4%80 1503
90.000 1.362 90.000 1.209
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TABLE 21. BOUNDARY CORRECTON FACTORS, 5, FOR CRACK AT
LOCATION 3 IN A COUNTERSINK RIVET HOLE IN A PLATE UNDER
BENDING FOR h/t = 0.05

(Fp=— )
S,Vma/Q
ac=10 ac=0.75 alkc = 0.50

(deg | Fo o(deg | Fo o(deg | Fo
0.00® 0.354 0.0000 0327 0.0000 0.27%
1.33® 0.4461 119D 0.39% 1216 0.308
2,678 0.4563 2.3940 0.4000 2417 0.3167
4.016 0.498 3.679 0.43% 3.700 0.3347
5.35% 0.5167 4.9563 0.4528 4.978% 0.353
6.698 0.5428 6.3277 0.47% 6.3306 0.37%
8.032 0.567 7.69%8 0.4997 7.668 0.409
9.3721 0.593 9.16D 0.529 9.08® 0.438
10.7110 0.618% 10.640 0.553 10.480 0.46@
12.090 0.6447 12.2550 0.58D 11.980 0.49%
13.380 0.671 13.7980 0.616 13.430 0.53%
14.7380 0.698 15.480 0.65Q 15.0380 0.57®
16.0650 0.728 17.1810 0.68D 16.6T70 0.62D
17.460 0.753 19.000 0.72% 18.310 0.667L
18.740 0.7827 20.820 0772 20.020 0715
20.080 0.808 22.6650 0.812 21.7%0 0.765
21.420 0.8411 24.510 0.862 23.5M0 0.81®
22.7610 0.86% 26.2450 0.90% 25.18L0 0.868}
24.100 0.90® 27.990 0.952 26.8&0 0.92%
25.480 0.92% 29.620 0.996 28.5T70 0.978
26.7770 0.96D 31.260 1.04% 30.180 1.033
28.1160 0.99%5 32.8410 1.090 31.760 1.08B
29.4%0 1.0268 34.4@80 1156 33.4%50 1159
30.7910 1.053 35.8810 1186 34.990 1198
32.180 10032 37.300 1.303 36.6130 1.33®
33.4720 1129 38.7690 1.27® 38.180 1313
34.8110 1163 40.190 1574 39.7%80 1720
36.190 1.190 41.5(00 1320 41.280 1.39%
37.480 1.238 42.8440 2.10% 42.840 2,52
38.8270 1.27%

40.1650 1320

41.560 1.35@

42.840 1.386
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TABLE 22. BOUNDARY CORRECTON FACTORS, 5, FOR CRACK AT
LOCATION 3 IN A COUNTERSINK RIVET HOLE IN A PLATE UNDER
BENDING FOR h/t =0.25

(Fp=— )
S,Vma/Q
ac=10 alc=0.75 alkc = 0.50

o(deg | Fo o(deg | Fo o(deg | Fo

0.00® 0.367 0.0000 0.27% 0.0000 0.34%
1701 0.4516 15617 0.3009 1.2097 0.3964
3.402 0.466 3116 0.31% 2.59% 0.408
5.103 0.50% 4.65% 0.33% 3977 0.4307
6.802 0.526 6.1863 0.356 5.35% 0.4484
8.50% 0.5567 7.69B 0.37% 6.816 0.46%
10.2660 0.58% 9.18% 0.4077 8.2784 0.4906
11.9000 0.612 10.660 0.43%5 9.828 0.51%
13.6@0 0.641B 12.130 0.46B 11.380 0.5394
15.300 0.67G® 13.580 0.495 13.080 0.565
17.000 0.70® 15.0410 0.528 14.60 0.599)
18.7120 0.736 16.4910 0.56(8 16.4310 0.628
20.410 0.763 17.950 0.59%) 18.180 0.66(07
22.1140 0.795 19.4190 0.62&% 20.090 0.69%
23.850 0.82a 20.890 0.66%6 21.9%0 0.734
25.550 0.861 22390 0.699 23.930 0.774
27.2160 0.897L 23.9%60 0.735 25.99)0 0.81®
28.9180 0.932 25.46.0 0.778 27.9%0 0.8627
30.6990 0.96® 27.0%0 0.81% 30.0180 0.9104
32.320 1.009 28.640 0.850 31.900 0.958.
34.02L0 1.048 30.24.0 0.896 33.920 1.004
35.720 1.08B 31.900 0.93® 35.7900 1.04®
37.420 1.12% 33.740 0.9854 37.6%50 1102
39.1240 1.16% 35.490 1.037 39.4700 1.148
40.8%0 1213 37.3B0 1.084 41.280 1.20B
42.5%50 1.25% 39.2%0 1.13@ 43.000 1.254
44.2270 1313 41.180 1.208 44.7540 1328
45.9B0 1.358 43.2180 1.259 46.4%60 1370
47.620 1.438 45.3110 1.359 48.080 1.499
49.390 1.469 47.470 1.420 49.690 1.493
51.03L0 1.65% 49.7T70 1.648 51.30 1.852
52.720 1.588 52.0%0 1.668 52.86L0 1.508
54.480 2.08D 54.480 2.43D 54.480 2.57%
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TABLE 23. BOUNDARY CORRECTON FACTORS, 5, FOR CRACK AT
LOCATION 3 IN A COUNTERSINK RIVET HOLE IN A PLATE UNDER
BENDING FOR h/t = 0.5

(Fp=— )
S,Vma/Q
ac=10 alc=0.75 alkc = 0.50

o(deg | Fo o(deg | Fo o(deg | Fo

0.00® 0.41%B 0.0000 0.375 0.0000 0.33%
2.13% 0.485L 1.9583 0.4237 1816 0.35%
4.27® 0.508 3.9171 0.436L 3.625 0.368
6.4064 0.5367 5.876 0.45% 5.4108 0.383%
8.5419 0.5624 7.831 0.4807 717 0.4073
10.6770 0.5884 9.8006 0.503L 8.916 0.430
12.810 0.6177 11.760 0.529® 10.6%0 0.4604
14.980 0.648 13.730 0.552 12.340 0.482
17.0810 0.676 15.7110 0.58D 14.0350 0.5204
19.2190 0.707L 17.690 0.61D 15.750 0.55(
21.3510 0.73a 19.60 0.64%5 17.4180 0.582
23.490 0.776 21.6%0 0.672 19.120 0.61&
25.6%50 0.805 23.680 0.708 20.820 0.65(
27.7610 0.838 25.7(80 0.738 22 580 0.680
29.8%0 0.876 27.7%0 0.77% 24.3B0 0.71%
32.020 0.919 29.7&0 0.818 26.1680 0.758
34.1670 0.95(6 31.8510 0.84%8 28.0D0 0.791
36.3(80 0.988 33.900 0.888 29.920 0.82%
38.4B0 1.02% 36.0470 0.92® 31.890 0.866
40.5740 10700 38.1%0 0.96% 33.890 0.90%
42.70 1114 40.390 1.01a 35.9870 0.94%
44,840 1.15®8 42.5®0 1.05% 38.190 0.99(
46.980 1.20® 44.780 1107 40.380 1.03D
49.1550 1.257 46.9%50 1.1564 42.7280 1.088
51.25.0 1.31% 49.2(00 1.21% 45.1450 1132
53.380 1.362 51.4970 1.26% 47.660 1.194
55.520 1.437 53.8160 1.343 50.2&0 1.263
57.650 1.499 56.1650 1.408 53.040 1.328
59.780 1.600t 58.520 151% 55.800 142
61.980 1.67a 60.990 1.5821 58.7%0 1514
64.0610 1.902 63.3%0 1.862 61.800 1727
66.190 1.920 65.8470 1.838 65.000 1.822
68.3310 2.656 68.3310 2.75% 68.3310 2,598
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TABLE 24. BOUNDARY CORRECTON FACTORS, 5, FOR CRACK AT
LOCATION 4 IN A COUNTERSINK RIVET HOLE IN A PLATE UNDER
BENDING FOR h/t = 0.05

(Fp=— )
S,Vma/Q
ac=10 alc=0.75 alkc = 0.50

o(deg | Fo o(deg | Fo o(deg | Fo

0.00® 0.4327 0.0000 0.502 0.0000 0.459
1.29% 0538 1275 0.5408 1.25% 0.5428
2.590 0.5572 25473 0.547% 2511 0.55%6
3.888 0.602 3.812 0.567 3767 0.58%
5.18T7 0.6314 5.06% 0.590 5.02% 0.613L
6.470 0.66%5 6.3118 0.612 6.280L 0.63%8
7.772 0.69 7.544 0.6428 7537 0.667
9.06™ 0.7287 8.76% 0.6714 8.79% 0.696
10.380 0.767 9.9763 0.7057 10.050 0.720
11.690 0.798 11.180 0.73% 11.350 0.75®
12.9%0 0.8294 12.3B0 0.77% 12.5770 0.7907
14.280 0.863 13.560 0.81D 13.8400 0.823F
15.560 0.8994 14.780 0.85D 15.160 0.85®
16.8400 0.938 15.9350 0.8911 16.330 0.898
18.1%0 0.972 17.130 0.93% 17.640 0.937
19.430 1.00% 18.310 0.97% 18.9770 0.969
20.7250 1.048 19.550 1.02D 20.1810 1.010
22.020 1.086 20.720 1.068 21.4%50 1.0507
23.370 1122 21.920 1115 22.7600 1.090
24.610 1162 23.1%0 1162 24.090 1138
25.980 1214 24.4240 1.220 25.3%60 1180
27.2(80 1.250 25.69.0 1275 26.6%60 1.23%
28.490 1.208 26.900 1.332 27.980 1.286
29.7810 13421 28.2800 1.402 29.2650 1.33%
31.090 13921 29.6230 1476 30.580 1.400
32.38%0 1.44® 30.980 1558 31.940 1.461
33.68L0 1.49% 32.3%50 1.64% 33.280 1532
34.9%0 1.54% 33.790 1.75% 34.580 1.602
36.27.0 1.60@ 35.290 1.840 35.9460 1.693
37.5670 1.68@ 36.740 2.0790 37.380 1.81D
38.800 1693 38.270 2.08% 38.680 1.896
40.1%0 1.863 39.820 2.79% 40.06L0 2.17%8
41.4%80 1.622 41.4%80 2.14B 41.4%80 1.98@
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TABLE 25. BOUNDARY CORRECTON FACTORS, 5, FOR CRACK AT
LOCATION 4 IN A COUNTERSINK RIVET HOLE IN A PLATE UNDER
BENDING FOR h/t =0.25

(Fp=— )
S,Vma/Q
ac=10 alc=0.75 alkc = 0.50

o(deg | Fo o(deg | Fo o(deg | Fo

0.00® 0.438 0.0000 0.4541 0.0000 0.480
15065 0.532% 1.4418 0.5289 1.4316 0.5206
3.013 0.552 2.88%7 0.5400 2.85M 05278
4.51% 0.595 4.326 0575 4274 0.5471
6.020 0.626 5.768 0.5063 5.67% 0.570L
7.53% 0.6560 7.21%5 0.6227 7.068L 0.5938
9.032 0.688 8.651 0.6506 8.4429 0.628
10.560 0.72B 10.1®0 0.679 9.808 0.6537
12.080 0.758 11.590 0.71@ 11.1%0 0.68%
13.590 0.7884 13.000 0.741 12.4%0 0.729
15.060 0.82% 14.450 0.778 13.80 0.75%
16.5720 0.85% 15.9660 0.802 15.160 0.796
18.080 0.89% 17.3640 0.84% 16.4%80 0.836
19.580 0.938 18.850 0.88% 17.800 0.87%
21.090 0.9707 20.290 0.919 19.120 0,915
22.580 1.00% 21.7640 0.95% 20.5%50 0.9584
241650 1.0438 23.2410 1.00@ 21.880 1.006
25.6110 1.08% 24.750 1.042 23.2780 1.048
27.1180 1135 26.2160 1.08% 24.620 1.009
28.6240 1174 27.750 1.139 26.1110 1.149®
30.130 120 29.220 1183 27.560 1.208
31.6%0 1.26% 30.780 1.233 29.080 1.2604
33.1440 1318 32.2610 1.28% 30.560 1323
34.690 1366 33.80 1.3464 32.190 1.3904
36.150 1.42a 35.390 1418 33.7110 1.46%
37.660 1.473 36.9100 1.47% 35.3440 1555
39.1700 153% 38.4820 1.55% 37.080 1.632
40.6770 1.60% 40.0680 1.64% 38.75.0 1.765
42.180 1673 41.6670 1735 40.520 1.843
43.680 176 43.2800 1.883B 42.36.0 2.118
45.1%0 1.8267 44.980 1.968 44.2%90 2.066L
46.7(B0 2.032 46.55.0 2.348 46.190 2.943
48.200 1.85% 48.200 2.108 48.200 2.048
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TABLE 26. BOUNDARY CORRECTON FACTORS, 5, FOR CRACK AT
LOCATION 4 IN A COUNTERSINK RIVET HOLE IN A PLATE UNDER
BENDING FOR h/t = 0.5

(Fp=— )
S,Vma/Q
ac=10 alc=0.75 alkc = 0.50

o(deg | Fo o(deg | Fo o(deg | Fo

0.00® 0.44%8 0.0000 0.4607 0.0000 0.4857
1.8501 0.538 17306 0.528 1.654 0.5097
3.7000 0.5587 3.4614 0.5368 3.3006 0517
5.550 0.597 51928 0.560 4.93%77 0.53D
7.400 0.626L 6.925 0.58% 6.5464 0.5604
9.25% 0.657 8.658 0.6140 8.140 0.589
1110 0.684 10.3%10 0.642 9.710 0.617
12.9%0 0.721 12.120 0.67® 11.270 0.6477
14.8G80 0.758 13.830 0.70% 12.8240 0.680
16.630 0.788 15.6180 0.738 14.360 0.718
18.5@80 0.824 17.380 0.76@ 15.9010 0.756
20.3510 0.8604 19.1230 0.80% 17.4460 0.79%
22.2010 0.8984 20.8%0 0.8414 18.9%0 0.830
24.0510 0.93% 22.6%0 0.87&% 20.560 0.873
25.9650 0.97@ 24.480 0.9184 22.120 0.918
27.7%0 1013 26.220 0.9584 23.780 0.95B
29.660 1.058 28.020 1.00% 25.380 1.003
31.4%0 1.10@ 29.8310 1.040 27.090 1.048
33.360 1149 31.680 1.008 28.7%0 1.09%
35.1%0 1198 33.500 1143 30.5010 1.149
37.0000 1.240 35.3B0 1.196 32.300 1.208
38.850 1.200 37.220 1.250 34.190 1.26%
40.7070 1348 39.1210 1319 36.0%0 1.32%
42.550 1.408 41.0%0 1.374 38.0240 1.408
44.4@80 1.46% 42.9670 1.44® 40.090 1.479
46.2%0 1536 44.990 1.524 42.160 1573
48.1(80 1.60% 46.880 1.614 44.3470 1.668
49.950 1.6921 48.880 1712 46.6(B0 18121
51.8(0 1.784 50.9070 1.818 48.9%0 1878
53.650 1.91% 52.980 2.022 51.320 2.229)
55.5100 2.00%8 55.080 2.069 53.90L0 2.068
57.3600 23468 57.100 2.6780 56.5110 3.244
59.2100 2.17% 59.2100 2.174 59.2100 1.802
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TABLE 27. BOUNDARY CORRECTON FACTORS, 5, FOR CRACK AT
LOCATION 5 IN A COUNTERSINK RIVET HOLE IN A PLATE UNDER
BENDING FOR h/t = 0.05, 0.25, 0.5; AND@&#* 1.0

(Fp=— )
S,Vma/Q
ht=0.05 ht=0.25 hit = 0.50

o(deg | Fo o(deg | Fo o(deg | Fo

0.00® 0372 0.0000 0.346 0.0000 0.358
0.582 0.508 0.582 0.47% 0.582 0.49%
1.166 0.54@ 1.1664 0.51% 1.1664 0.5323
1749 0.613% 1749 0.5838 1749 0.5971
2.33D 0.65% 2332 0.628 2332 0.6414
2.916 0.708 2916l 0.67% 2916l 0.6906
3.498 0.7512 3.49%8 0.7221 3.49%8 0.73%
4.085 0.796 4.08%5 0.76% 4.08%5 0.7806
4.665 0.8415 4.6657 0.81% 4.6657 0.82%
5.248 0.88% 5.248 0.856 5.248 0.86%
5.832 0.936 5.832 0.9018 5.832 0.9147
6.415 0.97% 6.415 0.9461 6.415 0.959
6.99% 10197 6.99% 0.9913 6.99% 1.0041
7.5818 1.0647 7.5818 1.036 7.5818 1.04%B
8.169 1118 8.169 1.08%7 8.169 1.0954
8.748 1150 8.7483 1128 8.7483 11455
9.335 1.20® 9.3315 1176 9.3315 11887
9.914 12513 9.9147 1.22% 9.9147 1.236
10.480 1308 10.480 1272 10.480 1.285
11.080 1.349% 11.080 1.321 11.080 1.334
11.6610 1.40B 11.6610 1379 11.6640 1.3864
12.280 1453 12.280 1.429 12.280 1.437%
12.830 1508 12.830 1.481 12.830 1.49%
13.4140 1568 13.4140 1.534 13.4140 15471
13.990 1622 13.990 1507 13.9970 1.60%
14.580 1.680 14.580 1.65% 14.580 1.660
15.1610 1.756 15.1640 1.72% 15.1640 1740
15.740 1813 15.740 1.784 15.740 1.7964
16.330 1.932 16.330 1.908 16.330 1.91%
16.9130 1.956 16.9180 1.924 16.9180 1.938
17.490 2.261 17.490 2.23% 17.490 2246
18.090 2.06%8 18.080 2.04B 18.080 2.05%
18.680 2.900 18.680 2.867 18.680 2.88%
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TABLE 28. BOUNDARY CORRECTON FACTORS, F, FOR CRACK AT
LOCATION 1IN A COUNTERSUNK RIVET HOLE IN A PLATE UNDER
WEDGE LOADING FOR h/t = 0.05

(Fy = — )
S.7m/Q
ak=1.0 alc=0.75 alc = 0.50

6(deg | Fu 0(deg | Fu (deg | Fu

0.00® 1279 0.000 1.15% 0.000 0.9753
4507 1.30% 3.959 1145 3.45% 0.9248
9.001 1270 7.9219 1122 6.8553 0.94%
13.4%0 1.256 11.890 1115 10.180 0.949
17.9970 1.243 15.8%0 1.109 13.4360 0.98%
22.490 1.238 19.8910 1112 16.6450 1.0120
26.9%0 1.228 23.980 1126 19.8%0 1.04%
31.4910 1.223 28.080 1135 23.2170 1.073
35.9%0 1.221 32.2010 1.14D 26.6610 1.1065
40.500 1.228 36.430 1.16® 30.2670 1.13®
44.990 1.22% 40.760 1176 34.0%0 1.157
49.4%80 1.225% 45.250 1.18% 38.1310 1.17%
54.0680 1.239 49.760 1.208 42.490 1.204
58.560 1.23% 54.460 1.222 47.180 1.227
62.990 1.2521 59.250 1.2420 52.2350 1.242
67.4%0 1.259 64.190 1253 57.6800 1.261
71.990 1.2768 69.1810 1.27% 63.520 1.27%
76.490 1.292 74.29.0 1.29% 69.790 1.299
81.0020 1318 79.47%0 1316 76.290 1.3063
85.5(80 1.35% 84.7310 1353 83.0770 1.33B
90.0M0 1.32% 90.000 1.300 90.0M0 1.2664
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TABLE 29. BOUNDARY CORRECTON FACTORS, F, FOR CRACK AT
LOCATION 1IN A COUNTER3UNK RIVET HOLE IN A PLATE
UNDER WEDGE LOADING FOR h/t = 0.25

K
(Fo=—"F7—)
S.m/Q

alc=1.0 alc=0.75 alc = 0.50
8 (deg | Fu 8 (deg | Fu 8 (deg | Fu
0.00® 1.008 0.0000 0.8477 0.0000 0.6640
4.49% 1.03®8 2470 0.8804 2.165 0.655
8.99% 1.015 4.9483 0.859L 4.3147 0.6537
13.480 1.010 7.4247 0.857 6.43%5 0.65%
17.980 1.009 9.9041 0.855 8.52(6 0.670
22.4%0 1.009 12.380 0.858 10.5%0 0.68D
26.9%0 1.0100 14.800 0.8604 12.6(80 0.70%
31.4910 1.01T7 17.300 0.86% 14.6270 0.7204
35.9%0 1.02%5 19.890 0.87% 16.640 0.742
40.480 1.02% 22.450 0.879 18.600 0.761
44.980 1.040 24.9%0 0.89D 20.7380 0.78%
49.480 1.05G 27.5240 0.9004 22.780 0.802
53.99.0 1.06B 30.140 0.914 24.920 0.8264
58.490 1.078 32.730 0.92% 27.10L0 0.848
62.990 1.098. 35.38L0 0.9394 29.3%60 0.866
67.480 1.118 38.060 0.95® 31.660 0.8864
71.990 1.13% 40.780 0.966 34.07%0 0.9063
76.4%0 1.16B 43.55.0 0.978 36.5800 0.925
80.980 1.18683 46.3B0 0.995L 39.1%0 0.94%)
85.4910 1.23@8 49.2000 1.00 41.990 0.963
90.0M0 1.22% 52.160 1.024 44.78B0 0.983
55.080 1.03B 47.780 1.00@
58.0480 1.058 50.930 1.01%
61.090 1.06% 54.2350 1.038
64.190 1.082 57.680 1.052
67.280 1.108 61.2%0 1.078
70.45L0 1.117% 65.05L0 1.08@
73.680 1.134 68.9%0 1.100
76.8800 1.1518 72.9%0 1.122
80.130 1.175 77.120 1.1438
83.4130 1.17%9 81.300 1.146
86.750 1.2172 85.680 1.174
90.0M0 1.14% 90.0M0 1.10%
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TABLE 30. BOUNDARY CORRECTON FACTORS, F, FOR CRACK AT
LOCATION 1IN A COUNTERSUNK RIVET HOLE IN A PLATE UNDER
WEDGE LOADING FOR h/t = 0.50

(F,=— )
S,V T/Q
alc = 1.0 alc=0.75 alc = 0.50

8 (deg | Fu 8 (deg | Fu 8 (deg | Fu

0.00® 0.85/0 0.0000 0.7147 0.0000 0.5248
2.810 0.915 2.47% 0.7428 2.1660 0.51%
5.6219 0.8907 4,948 0.7264 4.3147 0.518
8.438 0.8940 7.424 0.72% 6.4343 0.51%8
11.2440 0.882 9.90%6 0.7254 8.52(6 0.538
14.0%0 0.88% 12.380 0.728 10.5%0 0.544
16.8650 0.884 14.800 0.73® 12.6(80 0.56%
19.6770 0.88% 17.300 0.738 14.6270 0.57®
22.480 0.88% 19.8890 0.748 16.680 0.59%8
25.290 0.887 22.450 0.755 18.600 0.618
28.1100 0.891 24.980 0.765L 20.7380 0.63%
30.9210 0.895L 27.580 0.778 22.780 0.654
33.720 0.90D 30.110 0.78%8 24.920 0.68®
36.580 0.903 32.730 0.803 27.10L0 0.703
39.3510 0.9154 35.390 0.81% 29.3450 0.723
42.160 0.928 38.060 0.83T7 31.660 0.748
44.9%0 0.932% 40.780 0.84% 34.050 0.7663
477800 0.941 43.55.0 0.863 36.58L0 0.78%
50.5%80 0.957 46.3%0 0.8811 39.1%0 0.809
53.4(80 0.9624 49.2(80 0.89M 41.920 0.832
56.2200 0.979 52.150 0.918 44790 0.85%
59.020 0.98% 55.080 0.933% 47.720 0.87%
61.8410 1.00D 58.04L0 0.953 50.9%0 0.898
64.620 1.01% 61.080 0.97G8 54.2350 0.92%
67.460 1.03D 64.16.0 0.995 57.680 0.9434
70.2740 1.043 67.280 1.01G 61.280 0.96&
73.050 1.066L 70.4490 1.038 65.05L0 0.9894
75.8%0 1.084 73.690 1.058 68.950 1.018
78.7(00 1.108 76.8800 1.074 72.980 1.03B
81.5190 1.124 80.130 1.098 77.1%0 1.06%
84.390 1.14@ 83.4130 1.113 81.3710 1.072
87.1640 1.188 86.7(80 1.152 85.680 1.11%
90.0M0 1.15@8 90.0M0 1.105 90.0M0 1.056

59




TABLE 31. BOUNDARY CORRECTON FACTORS, F, FOR CRACK AT
LOCATION 2IN A COUNTERSUNK RIVET HOLE IN A PLATE UNDER
WEDGE LOADING FOR h/t = 0.05

(F,=— )
S,V T/Q
alc = 1.0 alc=0.75 alc = 0.50

0(deg | Fu 0(deg | Fu 0(deg | Fu

0.00® 1.2821 0.000 1.248 0.0000 0.949
3.032% 1349 2.6674 1.2806 2.338 0.9277
6.06% 13123 5.33% 1.244 4,649 0.920
9.353 1.304 8.23% 1.2340 7.1183 0.923
12.6880 1.29D 11.1%0 1.224 9.5421 0.9457
16.2110 1.288 14.280 1.21% 12.1390 0.9641
19.7770 1.2738 17.480 1.228 14.69.0 0.9973
23.640 1.26% 20.950 1.22% 17.4650 1.023
27.510 1.268 24.4040 1.238 20.260 1.05%
31.760 1.26%6 28.2280 1.24% 23.350 1.089
35.9(80 1.27G 32.1110 1.2668 26.5810 1.12%
40.4%0 1.27D 36.4(80 1.288 30.2230 1.150
44.9%0 1.2838 40.760 1.308 34.0%0 1.18%
49.580 1.290 45.200 1.320 38.1810 1.21§
54.080 1.30% 49.880 1.352 42.520 1.25@
58.220 1.31% 54.220 1.378 46.950 1.27%
62.4810 1.3371 58.7(0 1.405 51.6450 1.30%
66.3B0 1.356 62.8970 1.4270 56.2650 1.338
70.2210 1.379 67.1810 1.45@ 61.150 1.353
73.780 1.409 71.2(80 1.488B 65.980 1.3864
77.36.0 1.43@ 75.280 1.516 70.9%50 1.408
80.620 1.489 79.0770 1.569 75.760 1.455
83.980 1.474 82.90L0 1.553 80.70L0 1.433B
86.9620 1.646 86.480 1.718 85.33L0 1.56%
90.0M0 1.30% 90.0M0 1.375 90.0M0 1.26@
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TABLE 32. BOUNDARY CORRECTON FACTORS, F, FOR CRACK AT
LOCATION 2IN A COUNTERSUNK RIVET HOLE IN A PLATE UNDER
WEDGE LOADING FOR h/t = 0.25

K
(Fo=—"F7—)
S.m/Q

alc = 1.0 alc=0.75 alc = 0.50
0(deg | Fu 0(deg | Fu 0(deg | Fu
0.00® 0.942 0.000 0.76% 0.0000 0.5678
4.538 0.9747 2.002L 0.80% 1.7538 0.5714
9.076 0.95% 4.00%6 0.79@ 3.4983 0.567
14.2720 0.9577 6.1277 0.7919 5.3284 0.5672
19.4670 0.965 8.252 0.790 7.13%6 0.578%
25.4140 0.96® 10.5070 0.789 9.0220 0.5876
31.360 0.9894 12.760 0.79% 10.8%0 0.6064
38.1680 1.008L 15.160 0.79% 12.890 0.627
44.970 1.044 17.5720 0.80%8 14.780 0.645
51.780 1.078 20.1%0 0.81a 16.84.0 0.668
58.590 1.1238 22.740 0.833 18.9110 0.69%7
64.580 1.16% 25.4@80 0.840 21.120 0.7172
70.4810 1.213 28.2470 0.868 23.390 0.74%
75.6700 1.279 31.250 0.883L 25.880 0.778
80.8740 1.306 34.220 0.909 28.3%0 0.80B
85.4%0 1.468 37.480 0.928 31.180 0.833
90.0M0 1.2782 40.780 0.952 34.050 0.866L
44.180 0.970 37.13L0 0.8972
475720 1.008L 40.35L0 0.93%
50.860 1.029 43.5%0 0.961
54.2200 1.05% 46.9%0 0.993
57.4410 1.084 50.290 1.022
60.7170 1.1138 53.880 1.054
63.80 1.14® 57.380 1.084
67.020 1.1700 61.0(80 1.118
70.080 1.19% 64.6140 1.146
73.160 1.239 68.3%0 1.17%
76.080 1.26% 71.980 1.215
79.0470 1.299 75.780 1.246
81.8%0 1.348 79.320 1.296
84.6670 1.339 83.0010 1.288.
87.330 1.478 86.4910 1.408L
90.0M0 1.19% 90.0M0 1.158
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TABLE 33. BOUNDARY CORRECTON FACTORS, F, FOR CRACK AT
LOCATION 2IN A COUNTERSUNK RIVET HOLE IN A PLATE UNDER
WEDGE LOADING FOR h/t = 0.50

(F, = — )
S./Q
ac=1.0 alc=0.75 alc = 0.50
deg | R deg [ R 0(deg | Fu
0.00® 0.7972 0.00 0.6371 0.00 0.460%
4,536 0.82% 2.002 0.6753 1.7538 0.4619
9.0738 0.80% 4.004%6 0.650 3.498 0.4548
14.260 0.8068 6.1277 0.6571 5.328 0.452
19.4800 0.81 8.2524 0.653® 7.13%6 0.4590
25.4Q10 0.81% 10.5070 0.652 9.020 0.4641
31.380 0.833 12.760 0.65%6 10.8%0 04772
38.1%10 0.85T 15.160 0.6572 12.890 0.488L
44,990 0.88&%1 17.5720 0.6648 14.780 0.50%
51.7610 0.922 20.13%0 0.674 16.8410 0.5210
58.58@0 0.979 22.740 0.683 18.910 0.544
64.5130 1.022 25.480 0.69%6 21.130 0.5610
70.480 1.08® 28.24/0 0.715 23.380 0.584
75.65810 1.155 31.250 0.728® 25.840 0.608
80.840 1.193% 34.220 0.74P 28.360 0.634
85.420 1.35% 37.480 0.76&% 31.180 0.66D
90.0M0 1.202 40.7&0 0.792 34.0560 0.69Z
441470 0.81&% 37.130 0.723
47.5720 0.84P 40.358.0 0.758
50.860 0.874 43.5%0 0.788
54.2190 0.90% 46.93%0 0.823
57.4410 0.932 50.290 0.85@
60.7170 0.964 53.8380 0.892
63.850 0.998 57.320 0.9264
67.020 1.03% 61.0G80 0.964
70.0&60 1.0680 64.61550 1.00¢
73.180 1.10® 68.3510 1.039%
76.0%40 1.143 71.980 1.08a
79.040 1.183 75.7380 1.118
81.85810 1.236 79.320 1.172
84.6670 1.246% 83.0®0 1.1877
87.330 1.37@ 86.4380 1.302
90.00 1.1546 90.0M0 1.11%
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TABLE 34. BOUNDARY CORRECTON FACTORS, F, FOR CRACK AT
LOCATION 3IN A COUNTERSUNK RIVET HOLE IN A PLATE UNDER
WEDGE LOADING FOR h/t = 0.05

(F,=— )
S,V T/Q
alc = 1.0 alc=0.75 alc = 0.50

0(deg | Fu 0(deg | Fu 0(deg | Fu
0.00® 0.63% 0.0000 0.5764 0.0000 0.48@
1.339 0.7273 1.190 0.648 1.216 0.5054
2.678 0.7067 2.390 0.6272 2417 0.4957
4.016 0.728 3.679 0.63% 3.709 0.49%
5.35% 0.7265 4.9563 0.6383 4,978 0.4977
6.698 0.73@8 6.3277 0.63% 6.330 0.499%
8.032 0.732 7.69%8 0.6412 7.668 0.508
9.3721 0.7353 9.1690 0.643L 9.08% 0.51%
10.7110 0.73® 10.640 0.648 10.480 0.528
12.090 0.7413 12.2150 0.65D 11.980 0.54(
13.390 0.748 13.7880 0.66T7 13.490 0.558
14.780 0.74%8 15.480 0.668 15.080 0.574
16.0650 0.754 17.180 0.688 16.6T70 0.59%
17.4G0 0.7584 19.00L0 0.691 18.3180 0.618
18.7440 0.76D 20.820 0.700 20.020 0.64D
20.080 0.76%B 22.660 0.728 21.7%0 0.66%
21.420 0.77% 24,510 0.73® 23.500 0.69D
22.76.0 0.782 26.2450 0.75% 25.18L0 0.718
24.1M0 0.791 27.990 0.77% 26.880 0.748
25.480 0.798 29.620 0.793 28.5T70 0.779
26.7770 0.806 31.280 0.8173 30.180 0.80%
28.1160 0.81% 32.8410 0.834 31.7860 0.8367
29.4%0 0.82B 34.4(80 0.868 33.450 0.88B
30.7940 0.830 35.8810 0.88( 34.990 0.90%
32.180 0.84%F 37.3700 0.947% 36.6130 0.992
33.4720 0.85D 38.760 0.923 38.1630 0.97%F
34.8110 0.868 40.100 1.115 39.70 1.248
36.190 0.8767 41.5@0 0.935L 41.280 1.018
37.480 0.8921 42.840 1.448 42.8240 1.77%
38.8270 0.90%

40.1650 0.91®

41.5@®0 0.932

42,840 0.924
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TABLE 35. BOUNDARY CORRECTON FACTORS, F, FOR CRACK AT
LOCATION 3IN A COUNTERSUNK RIVET HOLE IN A PLATE UNDER
WEDGE LOADING FOR h/t = 0.25

K
(Fo=—"F7—)
S.m/Q

alc=1.0 alc=0.75 alc = 0.50
0(deg | Fu 0(deg | Fu 0(deg | Fu

0.00® 0.671 0.0000 0.6097 0.0000 0.47%
1.701 0.75% 1.2997 0.652 1.5617 0.4807
3.402 0.73%8 2.59% 0.6433 3.1165 0.46%8
5.103L 0.7537 3.973 0.6454 4.65% 0.469
6.802 0.7512 5.35% 0.6421 6.1863 0.47@
8.50%9 0.75D 6.8165 0.6400 7.6938 0.4723
10.2060 0.753 8.2784 0.6404 0.18® 0.4805
11.9000 0.758L 9.828 0.640L 10.6650 0.487
13.6(80 0.7577 11.380 0.643% 12.130 0.49%
15.300 0.76Q 13.080 0.64% 13.580 0.50%
17.000 0.764 14.600 0.658 15.0410 0.522
18.7120 0.7684 16.430 0.6567 16.4910 0.53%
20.4120 0.773 18.1890 0.668 17.990 0.54%®
22.1%0 0.774 20.090 0.672 19.4190 0.562
23.8550 0.788 21.930 0.686 20.890 0.581
255150 0.79% 23.930 0.69% 22.3970 0.59%
27.2160 0.8012 25.990 0.71% 23.9%0 0.618
28.9180 0.80%8 27.9%0 0.728 25.46.0 0.638
30.6190 0.818 30.0880 0.748 27.0%0 0.658
32.320 0.829 31.980 0.766 28.6440 0.67%
34.0210 0.842 33.930 0.78® 30.24.0 0.698
35.720 0.85% 35.790 0.80M 31.9790 0.721
37.40 0.86% 37.650 0.83%7 33.740 0.743
39.1240 0.888 39.4700 0.858 35.490 0.773%
40.850 0.90% 41.280 0.8848 37.3B0 0.803
42550 0.918 43.000 0.90% 39.2350 0.83%4
44.2770 0.94(8 44.750 0.948 41.180 0.87%
45.980 0.953 46.410 0.96@ 43.2180 0.90%
47.680 0.99% 48.080 1.044 45.3110 0.9667
49.330 1.000 49.6D0 1.039 47.40 1.00a
51.03L0 1.112 51.320 1.254 49.7T70 1.15T7
52.720 1.058 52.86L0 1.08% 52.080 1.159
54.480 1.348 54.480 1.71® 54.480 1.6514
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TABLE 36. BOUNDARY CORRECTON FACTORS, F, FOR CRACK AT
LOCATION 3IN A COUNTERSUNK RIVET HOLE IN A PLATE UNDER
WEDGE LOADING FOR h/t = 0.50

(F,=— )
S,V T/Q
alc = 1.0 alc=0.75 alc = 0.50

0(deg | Fu 0(deg | Fu 0(deg | Fu

0.00® 0.7214 0.0000 0.61% 0.0000 0.48%
2.13% 0.77% 1.9583 0.642 1.8165 0.48@
4.27® 0.7606 3.9171 0.620 3.625 0.4665
6.4064 0.762 5.876 0.6213 5.4108 0.4600
8.541 0.7572 7.8313 0.61% 7178 0.4613
10.6770 0.75% 9.80(6 0.6106 8.9165 0.4613
12.8130 0.751 11.7670 0.60% 10.630 0.468
14.980 0.744 13.7350 0.602 12.3410 0.47D
17.0810 0.744 15.7110 0.61® 14.050 0.48
19.2190 0.74@ 17.640 0.618 15.750 0.4913
21.3510 0.751 19.600 0.618 17.4180 0.508
23.490 0.75% 21.6%0 0.623 19.120 0.512
25.650 0.7577 23.680 0.636 20.820 0.52B
27.76.0 0.76D 25.7(80 0.638 22.58%0 0.54(8
29.8%0 0.76% 27.730 0.65M 24.3B0 0.556L
32.020 0.778 29.7§0 0.66( 26.1680 0.572
34.1670 0.78B 31.8510 0.67% 28.020 0.5884
36.3(80 0.795 33.900 0.686 29.920 0.605
38.480 0.80% 36.0470 0.702% 31.880 0.625
40.570 0.81% 38.1%0 0.718 33.890 0.64%
42.7(0 0.82%8 40.390 0.73% 35.9870 0.66B
44.8450 0.844 42,500 0.756 38.190 0.69®
46.9890 0.861 44.710 0.779 40.380 0.71%
49.150 0.88(8 46.9%50 0.80D 42730 0.748
51.25.0 0.908 49.2000 0.83T7 45.140 0.778®
53.3870 0.926 51.4970 0.85® 47.660 0.809
55.520 0.95® 53.8160 0.8994 50.280 0.85%B
57.6570 0.9872 56.160 0.932 53.040 0.89%
59.7SB0 1.038 58.520 0.995. 55.840 0.958
61.980 1.078 60.9%0 1.032 58.7%0 1.006
64.0640 1.200 63.350 1.198 61.840 1.134
66.190 1.208 65.8470 1.175 65.000 1.18®
68.3310 1.620 68.3310 1.72% 68.3310 1.655
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TABLE 37. BOUNDARY CORRECTON FACTORS, F, FOR CRACK AT
LOCATION 4IN A COUNTERSUNK RIVET HOLE IN A PLATE UNDER
TENSION FOR h/t = 0.05

K
(F, = —r—)
SmQ

alc=1.0 alc=0.75 alc = 0.50
0(deg | Fu 0(deg | Fu 0(deg | Fu

0.00® 0.5428 0.0000 0.5238 0.0000 0.49D
1.29% 0.60% 1.25% 0.5711 1.27% 0.4997
2.500 0.592 25112 0.5517 2.5473 0.4816
3.886 0.6023 3.7672 0.55%6 3.812 0.4743
5.18T7 0.5971 5.02% 0.548 5.067% 0.46%
6.470 0.59% 6.280L 0.5438 6.3118 0.46%
7772 0.5924 7.537% 0.54(8 7.5444 0.469
9.06® 0.5906 8.79% 0.5371 8.76% 0.4618
10.3680 0.588 10.0%0 0.53% 9.9763 0.4646
11.690 0.588 11.3550 0.530 11.1780 0.4663
12.9510 0.586L 12.5770 0.532 12.330 0.4711
14.280 0.585L 13.840 0.532 13.560 0.47%
15.5450 0.588L 15.160 0.53B 14.780 0.485
16.840 0.588L 16.330 0.53B 15.950 0.487
18.1%0 0.585 17.640 0.54(® 17.1230 0.49%)
19.4310 0.586 18.970 0.543 18.3160 0.50%
20.750 0.588) 20.1810 0.548 19.5150 0.51T7
22.020 0.58% 21.450 0.552 20.720 0.528
23.370 0.59D 22.7600 0.558 21.920 0.535
24.6130 0.5948 24.090 0.563 23.150 0.54%5
25.9(80 0.59% 25.3460 0.575 24.4240 0.55%
27.2(80 0.60(6 26.6450 0.574 25.64.0 0.568
28.490 0.605L 27.980 0.58% 26.970 0.5847
29.7910 0.608 29.260 0.592 28.280 0.60%
31.090 0.61% 30.5%0 0.6104 29.6230 0.621
32.3%0 0.61% 31.9%0 0.62D 30.9%0 0.64B
33.68L0 0.628 33.240 0.63® 32.350 0.66&
34.9%0 0.637 34.580 0.65% 33.7970 0.703
36.2710 0.639 35.9450 0.6772 35.2%0 0.72%
37.5670 0.653 37.380 0.708 36.7440 0.805
38.8820 0.642 38.6800 0.729 38.270 0.809
40.180 0.68(8 40.06L0 0.808 39.820 1.038
41.450 0.580 41.4%0 0.75D 41.4%0 0.865
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TABLE 38. BOUNDARY CORRECTON FACTORS, F, FOR CRACK AT
LOCATION 4IN A COUNTERSUNK RIVET HOLE IN A PLATE UNDER
WEDGE LOADING FOR h/t = 0.25

(F,=— )
S,V T/Q
alc = 1.0 alc=0.75 alc = 0.50

0(deg | Fu 0(deg | Fu 0(deg | Fu

0.00® 0.58% 0.0000 0.5512 0.0000 0.4977
1.506 0.6497 1.4418 0.592 1.4316 0.49%
3.013 0.632 2.8837 0.573 2.85% 0.4811
4.51% 0.640L 4.326 0.57% 4.274 0.47%
6.028 0.632 5.768 0.563 5.678% 0.4671
7.53% 0.6316 7.21%5 0.5607 7.068L 0.4619
9.032 0.628L 8.651 0.5565 8.4429 0.4623
10.5460 0.6254 10.1G80 0.55D 9.8043 0.4616
12.020 0.62% 11.590 0.55T7 11.1%10 0.468.
13.590 0.625 13.000 0.54® 12.4%0 0.46%
15.060 0.620 14.450 0.55(0 13.800 0.473
16.5720 0.62a 15.9060 0.55® 15.16.0 0.478
18.080 0.620 17.3610 0.553% 16.480 0.4881
19.580 0.628 18.850 0.55% 17.800 0.499
21.020 0.625 20.220 0.559 19.1720 0.50%
22.580 0.623 21.7610 0.568 20.550 0.509
24.1(50 0.6267 23.2410 0.56% 21.880 0.51®
25.6110 0.62% 24.750 0.57% 23.280 0.52%
27.1180 0.633 26.2160 0.583 24.620 0.54%
28.6240 0.630 27.750 0.59® 26.1110 0.552
30.13L0 0.64% 29.220 0.6007 27.560 0.568®
31.630 0.645 30.780 0.618 29.080 0.58%
33.1440 0.658 32.2610 0.623 30.560 0.60Z
34.690 0.6613 33.8(20 0.63® 32.1190 0.622
36.1570 0.6704 35.390 0.652 33.7110 0.64%
37.660 0.679% 36.900 0.66D 35.3440 0.678
39.1700 0.69(6 38.4820 0.68® 37.030 0.70B
40.6770 0.708 40.080 0.71% 38.75L0 0.74%
42.180 0.71® 41.6670 0.7412 40.580 0.772
43.680 0.732 43.280 0.788 42.36.0 0.866
45.1%0 0.748 44.9(80 0.818. 44.2%0 0.85®
46.7(80 0.808 46.55L0 0.935 46.190 1.167
48.2(00 0.73% 48.2(00 0.869 48.2(00 0.89%
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TABLE 39. BOUNDARY CORRECTON FACTORS, F, FOR CRACK AT
LOCATION 4IN A COUNTERSUNK RIVET HOLE IN A PLATE UNDER
WEDGE LOADING FOR h/t = 0.50

K
(Fo=—"F7—)
S.m/Q

alc = 1.0 alc=0.75 alc = 0.50
0(deg | Fu 0(deg | Fu 0(deg | Fu

0.00® 0.6412 0.000 0.5821 0.0000 0.5073
1.8501 0.69% 1.73%6 0.6154 1.6543 0.5018
3.700 0.68(8 3.4614 0.592 3.3006 0.48%5
5.55@ 0.6848 5.1928 0.5911 4.93%77 0.475
7.402 0.67% 6.925 0.5824 6.5464 0.4674
9.25% 0.67D 8.658 0.5757 8.14(5 0.4623
11.10 0.66% 10.3910 0.575 9.716 0.4637
12.980 0.6647 12.120 0.56% 11.27%0 0.46%
14.8(80 0.66%5 13.830 0.566 12.8240 0.468
16.630 0.66Q 15.6180 0.565 14.360 0.47%
18.5(80 0.65% 17.380 0.568® 15.9010 0.478
20.3510 0.65® 19.1230 0.568 17.4450 0.48B
22.2010 0.66Q 20.8850 0.572 18.9%0 0.4921
24.050 0.6610 22.6%0 0.575 20.560 0.49%9
25.9(60 0.662 24.430 0.58D 22.120 0.509
27.7%0 0.666 26.220 0.58® 23.7480 0.51%
29.650 0.675 28.020 0.5963 25.380 0.535
31.4%0 0.679 29.8310 0.60% 27.090 0.54%
33.3(0 0.685 31.6600 0.61% 28.7%0 0.558L
35.1%0 0.684 33.500 0.626 30.5010 0.57D
37.0000 0.698 35.380 0.6404 32.300 0.59®
38.850 0.700 37.220 0.6547 34.190 0.60%8
40.7070 0.718 39.1240 0.672 36.0%0 0.635
42550 0.7300 41.050 0.698 38.0240 0.6573
44.4(80 0.7464 42.9670 0.71® 40.090 0.6863
46.250 0.76D 44.9990 0.73@ 42.160 0.722
48.180 0.78% 46.880 0.76® 44.340 0.75%
49.9%0 0.80B 48.880 0.8063 46.680 0.81%8
51.8(00 0.838L 50.9070 0.8424 48.9%0 0.843
53.690 0.87% 52.940 0.91% 51.320 0.984
55.5100 0.91® 55.0130 0.94% 53.90L0 0.932
57.3600 1.028 57.1M0 1.17® 56.5110 1.41%6
59.2100 0.97@ 59.2100 1.01% 59.2100 0.918
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TABLE 40. BOUNDARY CORRECTON FACTORS, F, FOR CRACK AT
LOCATION 5 IN A COUNTERSINK RIVET HOLE IN A PLATE UNDER
WEDGE LOADING FOR h/t = 0.05, 0.25, 0.5; AN a/c =1.0

(F,=— )
S,V T/Q
h/t=0.05 h/t=0.25 h/t = 0.50

8 (deg | Fu 8 (deg | Fu 8 (deg | Fu

0.00® 0.4007 0.0000 0.395) 0.0000 0.388
0.582 0.463L 0.582 0.4565 0.582 0.44%
1.166 0.454 1.1664 0.447 1.1664 0.4411
1.749 0.462 1.7497 0.4615 1.7497 0.45%6
2.33D 0.46 2.339 0.46(3 2.339 0.45%
2.916 0.46% 2.9161 0.463 2.916 0.456
3.498 0.46% 3.49%8 0.4629 3.49%8 0.456
4.085 0.470L 4,085 0.46% 4.08%5 0.457
4.665 0.4706 4.6657 0.4640 4.6657 0.45%
5.248® 0.470 5.248 0.463 5.248 0.45%
5.832 0.471 5.832 0.46%6 5.832 0.458
6.415 0.4712 6.4154 0.4647 6.4154 0.458
6.99% 0.4716 6.99% 0.465L 6.99% 0.45%
7.588 0.4721 7.5818 0.46% 7.5818 0.45%
8.16D 0.472 8.165 0.4663 8.165 0.46@
8.748 0.47% 8.7483 0.46M 8.7483 0.4610
9.335 0.4743 9.3315 0.4678 9.3315 0.4619
9.914 0.4753 9.9147 0.468 9.9147 0.469
10.480 0.4767 10.480 0.47C8 10.480 0.4624
11.08L0 0.478 11.08L0 0.47% 11.08L0 0.46%
11.6610 0.47% 11.6610 0.472 11.6610 0.465
12.2480 0.4812 12.2480 0.478 12.2480 0.464
12.830 0.48% 12.830 0.4772 12.830 0.475
13.4140 0.485 13.4140 0.478 13.4140 0.47F
13.9970 0.48D 13.990 0.48%5 13.990 0.477
14.580 0.49% 14.580 0.485 14.580 0.47%
15.1610 0.498 15.1610 0.4904 15.1610 0.489
15.740 0.498 15.740 0.493 15.740 0.480
16.390 0.513 16.390 0.50% 16.390 0.50(8
16.9130 0.506 16.9130 0.50® 16.9130 0.498
17.4970 0.558 17.4970 0.558 17.4970 0.545
18.090 0.508 18.0800 0.49B 18.0800 0.49D
18.6630 0.66& 18.660 0.65B 18.660 0.655
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