Mansoura Engineering Journal

Volume 21 | Issue 4 Article 9

12-1-2021

Analysis of Stress around a Hole Subjected to Biaxial Loading
Condition.

A. Fattah
Industrial Production Engineering Department., Faculty of Engineering.,El-Mansoura University.,Mansoura.,
Egypt.

Follow this and additional works at: https://mej.researchcommons.org/home

Recommended Citation

Fattah, A. (2021) "Analysis of Stress around a Hole Subjected to Biaxial Loading Condition.," Mansoura
Engineering Journal: Vol. 21 : Iss. 4, Article 9.

Available at: https://doi.org/10.21608/bfemu.1996.153587

This Original Study is brought to you for free and open access by Mansoura Engineering Journal. It has been
accepted for inclusion in Mansoura Engineering Journal by an authorized editor of Mansoura Engineering Journal.
For more information, please contact mej@mans.edu.eg.


https://mej.researchcommons.org/home
https://mej.researchcommons.org/home/vol21
https://mej.researchcommons.org/home/vol21/iss4
https://mej.researchcommons.org/home/vol21/iss4/9
https://mej.researchcommons.org/home?utm_source=mej.researchcommons.org%2Fhome%2Fvol21%2Fiss4%2F9&utm_medium=PDF&utm_campaign=PDFCoverPages
https://doi.org/10.21608/bfemu.1996.153587
mailto:mej@mans.edu.eg

Mansoura Engincermg Journal (MEJY. Vol 21 No, . December 1996 M. 3

ANALYSIS OF STRESS AROUND A HOLE SUBJECTED
TO BIAXIAL LOADING CONDITION
i gajall Jlaadl) GBS AN YL R el sl Jea SNl sl
By
A. A, Fattah®
Assoc Prof.. Department of Industani Production. Engincering,
Facufty o Engincening. Mansoura Umiversity
e s gl GG S e e D b Jga e Sl Dl T Jibods Zioll e ey
B TE RTVORNL, IOy [ STROU ISR (S LI PO
llad SV gy o A ol Jas Sl el g e s pde a5 s iy o
oy B bl B Caad Gl ks Jps bsgath s 58 50 Jalas QXS 5 Dhalea Y il
Spay o Ban ) ad ol 0 aSloYL L e AT aal 5 il U, clalaayl A
S Graa $Uee 335 (A sz RS L A L0 Sl ) a0 J e agiall DY
aiall bl Y ke A s s DY 1 5 ay A AT DAa U Ada i Gy euigd
AL gl a8l axa D glie sde i Sy s o yT aiaa Jpe 0S5 dalaa Baady
o Jaaaill y JuiZill o) Ygle aadl gil 4as jal
M s e e o Lol Slea¥! 3585 dabea il B 4 il Y sl Cadall 5,
sl el i3 LISy 4 en 2l Al e2aladall CAALIYY 3 AU A jlall i) el
ol e 4 sl agianal £ V)
) |l SadYY L gaall St Ay e 28t ) L a3 4 il Agbdadll 4y phalt sa 0l 230,
40 ) 2 il as iall sl AR Al dh il S sy Glie Gasal DAYt S 5 Jalea
e 5
ABSTRACT
This work deals with the development of . amaivtscal Tormula thal may be uselul 10 characierize the

siress disiobution arownd discontmmitics  Hence o sanisly the onginal preblom of stress distebnion as
well as residual steess that remained around the boundary of holes wi plaies,

The method of analvsis presented here invplves with penturbanon m siress coneentruuon factor tha
defines the stress distnbution concermng apphicd stress o addition the perturbation in 1he siress
distribution appears due w0 the presence of resdual siress. that remmines after creating the hiole and
remouing all the exiernal forces

A oumicrical analysis first presenied to satisfy ihe geneeal solution of stress disteibution around a1 hale in
plates for a vanety of biaxil loading conditions  The stress distributions are then determine for vanable
values of rectangulir coordinates representing the width (o length rtio of the fimite plate  bya, (b,
nondinensionalized concerning a,).

Furthermore. the proposed formula successfully cmploved 1o solve the probicin of sieess distribution
around i hole 1 wfinite plates under binxial state of stress. Morgover. numenical results presenicd over
A range of baxial loading conditions [or a vanety of nondinesionalized fncior, ifa; (o, concermng the
hole radiis),

Comparison of the resuits indicates excedlent agreement witli the known sofution.

KEYWORDS
Stress distribnvian. biaxial londing. residual stress. boundiry of the hole, stress concentention ficlor .

INTRODUCTION

tmeracion berween such hole and the loading condiion sirongly eflects (he gradient of stress
distnbution and related plieoomena. The account of tius plicnomenon 15 of prime imponance for
accuraie cvaluation of siress resistance of the materal of a structure contatning a cirenlar hoie. Winlc 2
mmwber of techmques antempicd to predict the siress distobution ficld for uniaxial loadiog and
svonnetric biaxial loading condiions [1-4]. the mosi commonldy uszd lechnique for data analysis 0
phates contvnng a hole based on the finite ciomem technque}s-31
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Anaiviical solation for siress distribotons around the boundary of i hole subjecied 10 variciy of biaxml
laading canditions in pliies 1s a problem that has remmned  nnsolved vel. At present, e only win
out 15 by stress function repdried in IR] which can prove siress distribniion in s thin. infinile plaie with 2
arrcular hole subpected 1o uninxial lensiic loading condition only,

Furthermore, stiess distribution aronnd the bonndary of o hafe ue finite piates subjecied 1o @ vancy of
braxial loadimg conditions turns out 10 be much complicated (han expecied. However. under this (¥pe of
loading condlitions the siress funclions repored in the avinlable lilerawre is wsulficient ta solve the
“problemn|.

Considering the sheartng operaiions. such as that in piereing or drilling, lead 1o residual stresses that
renuin with the manufaciired part afler it deformed {10]. Morcover, residual stress may remati around
1he boundary of 4 hole subjected (o a state of loading conditions afler removing all external forces.

The residwal stresses on the surface and i itenion of & metal part considered (o be undesirable becinse
they fower the fractune strength of the pan. The residial stress can also fead 10 stress cracking or stress

corrosion cracking over i tume {11-14)  Most of Ihe avinlable lierture concerned with 1he measureinciy
of residunl siress bv the hole-drilling techimque {13 16].

Therefore. i is worthwhile 1o Tornmlate o stress cquattion that may sansly the rule of Lhis tvpe of loading
condiions. This foamala may Iake nue consideralion the offecis of residual siress romained afier
renioving all the exiernal forces

FORMULATION OF THE PROBLEM

i was cssentiatly evident that the seleciion of a sircss componcul for this particular problem is difficuly
since non of (he avaidable stress Manclions 1s saisfclory To overcome tus diffienity. a method of
superposition has conunoniy been used which cmplovs two dlfcrent sticss componemis.

The siress equation way be adapled Lo represent 1he stress distnibution wien the plale is in 2 coudiiion ol
unilorm buaxial loading, considering the elfcet of residuai stress that remanmed afier rewoving all ilic
external forees,

i-Several aliernatives have propased lo sclect o mathematical equation to satsfy the condition
of stress distribution aronnd the boundary of i cicnlar hole subjecied 1o biaxial Yonding
conditions Therelor, the first stiess component oy be selecled as [ollows

arr=am{[lq-i:-;i“-]+2(l—%ﬁJcosze} (1

A denvation of this cquation included m Appendyx-f
Where k bisxsal foading rmuo (k=a./m).
S stress distoibution argund 2 hole
Ty he applied siress
a.,  Gmie dinension ratio G, =b/a,)

2- The sceond siress compoacnt st have associiied stress 1 sanshics the stress remarnnng
within the body around 1he boundary of the hole alier removing the external forees Thus.

stress coanponcal reporicd in appendix-11, ¢on efecnvely be emploved 1o estmate ihe residual
siress as (ollows:

o n[ “_‘*'ﬂ][”'—’]mw (2)
[+ g} thr

A deriviibon of {Ius cquation inclnded m Appendin-11.
Where 0 polur coordinales svsicm,
A, radws af the hole,
r radial distance Trons (he edge of 1he hole,
o malerial Poisson's e,
kX biaxigl louding ratio.




Mansourn Engincering Journal tMEJ, Vol. 21 No 4, December 1996 M. 61

Thus. the required equanion for the ongwai problein obtamed by superposition of the first and sceond
stress component. Towards this end one may assumc the follow.

o senfi 122 (o) () od

This cquanion #ives the siress distnbution sausiving the  biaxul loading conditions when the plates
subjecicd 10 ICNSION~ENSION. IENSION-COMPrESSion or COMPression-compression. taking into account the
corresponding residual stress values remained atter removing all the external forces.

Moreover.  the required cquation can be wniten as follows (0 sausty the ongwnal problem of
deternunaton of stress distnibution around a hois 10 an v plate,

o (12 4) o1 £) Lt ) "

|| 27 U+ u) i/,

-

Consequentiy, the (ull-field suress distnbution around the boundary of i hole foc different braxinl loadine
condiions  can be computed by emploving the proposed cquations which sausiy the original problem in
finite as well as infinite plates,

EXPERIMENTAL VERIFICATIONS

To examne the unpheaton ol the proposed equation. one of existing experimental method of anaivsis
would consider Thus, photoclistic coating techmque can apply 1o venify the analvtical results |17}

Specimens photographed o record the fringe patterns that remained after removing all the exiernal
forces Fig 8 shows isochromauc fringe patems that remained alter creating the hole and removing all
the external forces  These fringe patterns corresponding 1o the residuad stress remained around the
boundary of the hoie

The residual stress distnbutions around the circumference of the holes were deternine experimentally by
phatoeclistic coating techiique. Suresses are related to birefringeince by siress optic law [17]

(NY E AN
oo (355
2h\ (1 + u)J\(
Isochromatic fringe data corresponding 1o non-loading conditions were then substitute 1ito equation {33
to expertmenaily determine the residual stress around the boundary of the holes

NUMERICAL RESULTS AND DISCUSSION

Although the analytical results are obtaned for a general combined loading condinons. for the sake of
stmplicity of preseniauon of  numierical  results. we  consider some separate loading conditions
corresponding o residual stress remained around the  holes. distribution of siress in finte plates and
dsinbution of stress around a hofe in infinite plates respectively  The results are presented in the form
of plots of stress concentraton factors over the complete range of circular angle 0 (0 to n/2),

The proposed equations (1-4) were emploved to compute the stress distribution around circular holes
subjecied 10 a variety of biaxial as well as umaxial loading conditions, Normaiized siress distrbution in
finue plates. for diffcrent braxial stress ratio k such as k =+ also for k = - indicated in Fig. |

Analviical results indicate that, the change in the stress ratio k has not only affected the distnbution
pauern of stresses. but also has the effect of changing the amplilude and direction of the stresses

By using the proposed ecquations the normalized residual stress concentration around a hole can be
represented within the distance winich 1s in the range of a/2 < rga, asshown in Fig. 2 These
siresses conshinue  the tolal stress distnbution and the comresponding residual siresses remained arcund
the boundary of a hole in finite plate as indicated m Figs 3 and 4 Changes in crrcumicrence
disinbuted stress corresponding to changes m finie dimension rauo (a,, =b,/a.; and nondimensionalized
lactor cfa, ¢learly illusiraned n Fig, 4
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Ity of practical nicrest 16 comparc the resails obtaned by wsing 1the proposed equaton with the sbss
cquintion solaton for sircss distribution m finite plate weponcd m (Y]

G = Gugy |(1 -2 cos 26 ) - (1-2 cos (28 - nt )| (6)

The companson of the obimned resulis mchcate denncal wsull tor umaxial loadmyg condition: On the
wiher fand. o reveres irend secn m the resubts obtamed by cquanon (6) as shown w Fig, 1

The nest siep 15 10 examing the apphcabiny of the developed eination i solving the problem ol siress
disiabution 1 ndinue plates, Thereafier conmparg ihe present resulls with the results obtimed by using
e svarable equation m lnerature)g|

o, = Oupp.l 14+ 2 03 20 | (7)

The appheanon of this equation is Hned 10 solve 1he problem of an nfinne large plae subyecied 1o
sl loading oniy Conparison of the residis shown i Fius 5,6 and 7 indicale excelfent agresmcm
Ioe unaxa toachng condinon

Thus the results of (he presciced method of anaiysis (s more general, agree with 1hese results as reported
i oreferences ju. for (ke as weth as mlinge plales  Morcover. the developed eqoations make 1
possivte 1o predict the stress distribnnoa i finae as well as mfinite plies under fnable values ol baxil
steess systenn of nnixial Joading condinon.

The tesulis obtatned cicacly indicate that the presence restdial stress around i hole vy plates subjecied 1o
buaxial londing ste of stress ncreases the stress by a lictor ol stecss coneentration, The prinury
advaniages of the proposed equition is tat, it provides nearly whole-ficld estination of stress
distribution aronnd a hole within ihe distance at the nerghborhood of the hole and distance that s cqual
to he rchius ol the hole.

CONCLUSIONS

1-4 numerical nethod of estmation of the stress distribution aronnd a circular hole 1 finue
plies under variable sl state of stress presented i this vestigation. The presemt method
ol analysis is bemg extended for awore gencral practical problems mvolving stress distiibubion
aronnd holes in welmng phies

2-Using the developed cquations the siresses disinbunion mound 3 hole can casily compute
differem values of biaxal as well as unastal loadug condmons Funhicrmiore. 1 3s possible o
bt the residuai siress argund tie boundiny ol a hole, however Lharnicierize the stae of
suress around the boundary of a hole after removing all the external forces.

3-The proposcd cquaitons provade acarly whole-ficld estovation of stress distnbution sronnd
w hole in fniie as well as indimic plales subjeeied 10 a varicty of liasial stress sysiens, Henee
lactliate the dearecmimation of sicess distribution i a simple way as being suiliciently accuraic
[or buasial siress svsient Lhat usually exist inaiciuad pracuce

4-Winle the proposcd cquations facilitaie 1he deternnnation ol siress distribution around 1he
Loundiny of cirenlar holes subected 10 a variety of binsial loadinmg condinons. Yet, equinions
than reporied in blerwre wesincted 1o some limited loading conditions
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APPENIX-I
FQUATION FOR STRESS DISTRIBUTION SATISFYING THE BIAXIAL LOADING
CONDITIONS

1M a small csrcular hole made i the nuddle of o plaie. Ihe siress distribution around the hole wil)
change. Therefore, selution may adapt 1o represent he siress distribution acound Lhe hoie subnnticd to
wmform baxial loading conditions  Thus formulanon procedure will  depend upon a siress function
expressed as the following

' = l(ry cos 20
The general selution is:
firy= ( Ar +Br'+ C.1/r* - D)
The stress funchion is therelore,
' = A+ B+ C 147+ D) cos 20
The corresponding stress components. e given as he loilowing
= eSS + L P o®
=4 2A = &C/' + 4D/ ©) cos 20
= A
=(2A + 12B r*+ 6C/r*) cos 20 )
Lo = O L DAY
= 2A R 6B - 60 - 2000 ) sin 20

The constants of micgration are now (o be determine from the condition that the edge of the holc 15 fice
Trom external forces

IAH6CHR + 4D =,
[t

A+ 6CH"+ 4D =0
2

2A 6B 6O 2007 =4,

b

XA +6Ba” -6CH'- 20/ =0

=

where 1 vaneble radial distiance (o < rg by ond b radwus of concentric circle,

Salving the above equitions, we ol

A=, B=u C=a' oy« =. :fc.—“‘

Substinaning these constint inlo equition tad. we fined:

Ay = 2a | 1+ YMayn' | cos 20 b

Furthennore. the stress componcut produced by the wnforan applicd stress oy O Lhe outer bovndiry of
o hole made i the plie can calculate as follows:

Ay =] an)) 3]
The required selution for the ongmal problent obtained by superposition as follows
My = ﬂ*n + ﬂ"rl

= Ty P G/mY | +2] 1+ Say/rg ' | cos 20 ¢ 1y
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The state of siress at the boundary of the hoic can define by o ser of linnts such as k. . ry, g and o,
They related 10 each ather by the following relationships

-2 h - Sar =0

(k#iigd fn' + 60" =0 te)
Where k 15 {he factor that represent the brixial stale of stress (k=a+/a,) that satisfy the loadiig condition
m the vahd distance near the hole. Such as that the facior a,, (=b/a,) represents the finte width rauo in
fimie phe.

Substituning equations(c) into cquatson(d). thus the required solution for the original problem obimucd
as follows

o = o:w{[i-l- . ';m )+2[ |- £ :““' ]cosw} (-1

This cquanion represents the Gingential sieesses ot the boundary af o hole made in the middle of & plate
subjecicd 1o wntaxial as well as binsial loading conditions

APPENDIX-IT

STRESS EQUATION REPRESENT THE RESIDUAL STRESS REMAINED AFTER
REMOVING ALL THE EXTERNAL FORCES.

Evidently selection of a stress function that can emplov to compue the residual stress.  Howgver, 1o
sahisfv 1he stress conditzon around a hole it must be depends upon 1he stress-sirain refation for the two-
duncensional staic of siress.

Consuler the stram in term of siress and 1the consint associmed with 1, Thus, the stress-sirmm relanons
for wn-dimensional or planc siate of stress expressed as.

£ =(%}0~s—.ﬂﬁr)

l
&r-:['i::)(ﬁn -jlo'w]
[I+u}
b~ £ =| —— [(Ow—ow)

5: R '5_1‘
and
0':- = Oo = O .
; |+ i
&= [ ". ) o‘ ta)

And the stress i peincipal direciion given as

s--_-[TI-](m-—pa;) h

The normal stresses A, and e can estabhsh by using 1he following equation. which s apparent from
au eximianon of Molr's circic:

o.-0,)={0-0:)cos26 ey

o @ O COS2H
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Stonlarly
& @ #1cos28 i)

By substimung cputionsta)indib) nuo cquation(d). the prmcipal sten assocrnied with 1his principal
st function simplified as the following:

)5 o (Lo-seres

[’:'“)0'. Q[ )m 102)cos28

Q[H-,u .I-- p-—]]cosZO

..Q[ ]cn(l—- ik )cos28

— gtk
=() Lo 7 cos28 1)
|+
The term ©Q 18 1 constant represenis correction Factor This facior 0 wst applicd (o the valie of
principal siresses difference acung on the piaie Hence (o estmale the true value of princspal strain

difference it will effect magnitude of the sircss produces al the neighborhood of the hole boundary.
This facior mas cxpress as:

() -

it ts evident from an mspection of cquanoni N and cquation(c) that the effcctive siress may express as.

0. = {a--»rll-_ufr] o1 cos2@ U
ar |+

where. =, consider 10 be the applicd siress wn the principle direcion Thus =0,

When the stress difference in the stress ficld reaches the miatenal elasue lumit of the plate the residual-
stress anitially introduces resulting duning the formation of the hole Hence {he remmned stress
recistnibuted afler removing all the external forees, :

I gencral the required solution for o continsous distributiou of the residual siresses al o considerable
distanee which is i the range of o, /2 € v & i, con be approxiniely determine as.

m«=a.,.{“-r1|—"‘k] cos28 -
L |+ g
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Fig. 1. Normalized stress distribution around the boundary of u hole in finite plate for different braxial eatio k.
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