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The Stress Distribution around a Circular Hole Reinforced by a Ring

of Different Material in a Plate under Biaxial Loading

by
S. 1. Yim

ABSTRACT

2d by a ring of different material in a plate under blaxial
In this problem, an infinitely large flat plate is assumed. The reinforcing

rectangular cross-saction of same thic

. The outer boundary
1

to ths inner boundary of the hole in the

o plate is

n and purz shear loadings.

istribution around thz holz is

ainad by

orm the validities of above

solutizns, a sorvics of  phote-cla

aodel was carried out. Fuiv age arvad batween two sets of values.
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ns arrived at are a5 foliows:

. The solutions can br usad for most c1s3s of envincering problems if th: bondiag bouwe:n
J o > =)
te and ring is perfect.

the ratio of Young’s moduli of the ring arnd th2 plate is increased, the strosses in the plate

whereas thos2 in the ring increase.
4) The siress concentration near the hols has localized effect.

5) Under hydrostatic tension, moximum principal siress and maximum shear
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as the ratio of inner and outer diameters of the ring increases.
5) Under pure shear, the stresses depend upon angular orientations of the points and maximum
principal stress and maximum shear stress appear at 45 degree. They increase as the ratio

of inner and outer diameters of the ring increases.
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¢ ¢ RS WEmel B (thickness of the plate and the reinforcing ring)
RS WA (inner radius of the reinforcing ring)
bo: FEEREES] AR (outer radius of the reinforcing ring)
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EFT-39 & (radius of the circular hole)
m= al/b
1 ¢ TS Poisson [t (Poisson’s ratio of the plate)
p2 : &S] Poisson 1, (Poisson’s ratio of the ring)
Ey @ #579) ®WEHRE (Young’s modulus of the plate)
E, : B9 mEE% (Young’s modulus of the ring)
n = E [/ E
fr  HB5— 2HHS|SEME (intensity of hydrostatic tensile load) (psi)
fs : ¥EEERFE (intensity of pure shear load) (psi)
r,0 ¢ fGEEHE (polar co-ordinates)
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(a) Hydrostatic tension (b) Pure shear

Fig. 2. Biaxial loading

Fig. 3. Polar co-ordinates
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Table 1. Values of the Constants determining stress distributions.

m A A8 Cs B 7 \ o { &

0 006545 0.0 0.53272 | —0.56315 0.0 | 0.06315 —0.12631
0.3 —0.00913 | —0.09800 0.54443 | —0.59328 0.01315 0.06220 —0.04065
0.5 | —0.15014 | —0.28329 | —0.56657 | —0.64215 0.03213 | 0.03875 0.12715
0.6 ! —0.25393 | —0.41966 = —0.58287 | —0.66991 0.04077 | 0.00535 0.24897
0.7 —0.38456 | —0.59131 0.60338 | —0.69488 0.04558 | —0.05240 0.39513
0.8 —0.54719 | —0.80500 0.62891 | —0.71226 0.04347 | —0.14364 0.56417
0.9 —0.74898 | ~1.07015 0.66059 | —0.71662 0.03058 ’ <—o 28221 0.75924
1.0 -1 ~1.4 | 0.7 —0.7 0.0 ‘ 1.0

Fig. 5. Variations of Constants vs Ratio m

Table 2-1. Stress Distributions in the plate under Hydrostatic Tension Loadmg

r = b i ro= 1.2b 1 roo= 1.5b
" T T T T ; | i i~
orlfr | w/fT wolfr | olfr | so/fr | wolfr or/fr ‘ as/fr ‘ T,8/fr
0 1.0655 | 0.9346 0 1.0455 | 0.9546 0 1.0291 ' 0.9709 0
0.3 | 0.9909 | 1.0091 0 0.9957 | 1.0053 0 0.9959 & 1.0041 0
0.5 | 0.8500 | 1.1501 0 0.8957 | 1.1043 0 0.9333 | 1.0667 0
0.6 | 0.7461 | 1.2539 0 0.8236 | 1.1763 0 0.8871 | 1.1129 0
0.7 | 0.6154 | 1.3846 0 0.7329 | 1.2671 0 0.8291 | 1.1709 0
0.8 | 0.4528 | 1.5472 0 0.6200 | 1.3800 0 0.7558 | 1.2432 0
0.9 | 0.2510 | 1.74%0 0 0.4799 | 1.5201 0 0.6671 | 1.3329 | 0
1.0 | 0.0 2.0 0 0.3056 | 1.6944 0 0.5556 | 1.4444 | 0
ro= 2b ro= 3b ‘ ro= 4b
m /T ""’ I —
offr | odfr | wlfr | alfr | oelfr | ot ey aa/fT ! wlfr
0 1.0164 | 0.983 0 1.0073 | 0.9927 | 0 1.0041 | 0.9959 0
|
0.3 | 0.9977 | 1.0023 0 0.9990 | 1.0010 | 0O 0.9994 | 1.0006 0
0.5 | 0.9625 | 1.0375 0 0.9333 | 1.0167 | 0 | 0.9906 | 1.0094 | 0
0.6 | 0.9365 | 1.0635 0 0.9718 | 1.0282 | 0O 0.9841 | 10159 . 0
0.7 | 0.9039 | 1.0961 0 0.9583 | 1.0427 \ 0 0.9760 | 1.0240 1 0
0.8 | 0.8632 | 1.1368 0 0.9392 | 1.0608 | O 0.9658 | 1.0342 0
0.9 | 0.8128 | 1.1872 0 0.9168 | 1.0832 | 0 0.9532 | 1.0488 | 0
1.0 | 0.75 1.25 0 0.8889 | 1.1111 [ 0 | 0.9375 | 1.0625 | 0




@
£

KRR i

Table 2-2. Strees Dlstnbutlons in the ng under Hydrostatic Tension Loading

row= o« \ r=a-+-- (b a) re=g4 z(b a) r=a+%(b~—a) ‘ r = b
m B " T T
Ur/fT‘tn’/fT w/fr O'f/fTiUﬂ/fT itrolfr ar/fr‘aa/fr m/fr or/frioef/fr rra/chr/frlds/fr |7ro/f1
0 ‘1‘06544.06541 0 \1 06541.0654 0 |1.0654]1. 06541 0 [1.06541.0654 0 |1.06541.0654] ©
0.3 0.00002.1777 0 )o 65451.523 2 0 0.8560/1. 3208 0 0. 0449/1.2398 0 0.99091.1869 0
0.5 10.0000i2‘2663‘ 0 10.40791. 8384[ 0 [0.62951 6368 0 10.7631/1.5032, 0O 0.8499;1.4164? 0
0.6 0.0000i2.3315} 0 0 30939 02291 0 IO 510011.8215 0 [0.6476/1.6838 0 O.7461§1.5854; Q
0.7 ‘0.0000’2.4135\‘ 0 0. 2223‘7 1913, 0 10.388312.0252] O 0.515711.8978 0 0.6155§l.7981§ 0
0.8 ‘0 0000 2. 5156‘ 0 0.1436 2.3720‘ 0 10.26402. 2')171 0 0.365912.1498 0 0.4528;2.0628‘ 0
0.9 0.00002.6424) 0 0.07052.5719 0 |0.13542.5069 0 0.19552.4469) 0 10.25102.3913 O
10 00 28 | 0 00 28 | 0|00 ‘2.8 ’ 0 00 [28 | 0 .0 2.8 0
Table 3-1. Stress Distributions in the Plate under Pure Shear Loading
roe b \ ro= 1. zb \ r = 1.5b
m ar i a9 } T " Tr0 ar as Tro

fs sin 20 | fsesin2g | fs-cos 20 fs°sm 20 fs sin 20 fs cos 26 | fs*sin26 | fs-sin20 | fgecos 26

0 ! 1. 1263‘ -o.62111 1.1263  1.1681 —0.8173  1.0078  1.1497, —0.9252 0.9626
0.3 0.7894] 0. 6268i 1.2919 0.9329] —0.8200 1.1285 0.9985 —0.9262] 1.0376
0.5 0. 25892 ~—0.7675 1. 4868; 0.5347| —0. 8879. 1. 2887‘\ 0.7280, -0. 9540' 1.1590
0.6 —0.0280 ‘—0.9579,‘ 1.5301 0.2929 —0.98453 1.3613] 0.5510, —0.9937 1.2277
0.7 —0.2661 —1.3144 1.4759 0.0540 —1.1516} 1.3972 0.3596] —1.0621 1.2891
0.8 ‘ —0.3949E —1.8618 1.2665] —0.1515| —1.4156 l.3680§ 0.1673) —1.1702{ 1.3313
0.9 ‘ *‘0.3437E —2.6933 0.8252] -0.2924] —1.8166 1.2379 —0.0153 —1.3345 1.3404
1.0 | 0.0 i —4 (‘ 0.0 ' —0.3310, —2.4468 0.9421’ —O.lSSZj —1.5926] 1.2963
r o= b r = 3b ‘ r o= 4b
Moo e | e | te o o | tw o o | Tw
fsesin 20 fs sin 20 f,g ~cos 20 | f5+sin20 | fg-sin 20 | fgecos 20 | fgesin 26 | Fgesin 26 | fgecos 26
0 1. 1026 -0, 9763 0.9605 1.0515{ —0.9953 0.9766 1.0301] ~-0.9985 0.9857
0.3 1.0173 _0'9767i 1.0030 1.0135] —0.9954 0.9956 1.0087, —0.9985 0.9964
0.5 0.8583 —0.9855 1.0781 0.9464| —0.9971 1.0311 0.9673\L —0.9991] 1.0163
0.6 0.7490: —0.9980 1.1265 0.8889 —0.9996 1.0557 0.9376] —0.9999 1.0312
0.7 0.6245] —1.0196 1.1779 0.8283 —1.0039 1.0839 0.9024! —1.0012] 1.0482
0.8 0.4897! ~-1.0539 1. 2282 0.7599] —1.0106 1.1147 0.8623] —1.00341 1.0672
0.9 0.3466] -—1.1058 1.2738 0.6835 —1.0209 1.1478 0.8168 —1.0066] 1.0883
1.0 0.1875] —1.1875 1.3125 0. 5926! —1.0370 1.1852 0.7617, —1.0117] 1.1133
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Table 3 2. Stress D1stnbut10ns in the ng under Pure Shear Loadmg

58

r=a+—4—(b~a) ( r=a-+t- (b a)

ro= a
” R _ S — e - - ‘
ar { as T ‘ ar | oo | aé i Tro
fs sin 26 ‘ fs .5in 20 fs cos 20 ‘ fs .sin 20 1 fs «sin 26 _fs'COS '?0 ‘ fS -sin 39 fsesin20 fs cos 26
0 0| -4 ,032\ 0 1. 1 1263‘ —1. 1"6‘)1 1.1263J 11263 —1.2163 1.1283
0.3 0 | ~—4.7179 0 1 0. 1369] ~1.715),  1.5484  0.3394 —-1.2808}‘ 1.4965
0.5 0 | —4.9444 0 | —0.4031' —2.6723  1.2834] —0.2140, —1.8094] 1.5540
0.6 0 | —5.0070! 0 , »—0.39373 ~3. 1746{ 1.0494j ~0.3596 »—2.2427‘ 1.4250
0.7 0 | —5.0230| 0 | —0.3302 ~—3.657% 0.7868  —0.4042 —2.7800l 1.1919
0.8 0 | —5.0309 0| -o. 2057\ ~4.1889  0.5206 - 0.3543 —3.4615 0.8729
0.9 0 —5.1384 0 | —0.12b6f —4.7062! 0.262]’ —0.2212] —4.8261, 0.4829
1.0 0! —5.6 ! 0 0.0 | 56 . 00 | 00 | 56 0.0
3 :
; r=a+z»(b—a) i ro= b
m }__-VA‘»AM-—_““_?V" T A ! -
! or @ 1o ar_ oo | T
, fg+sin 26 i fg+sin 20 fs cos 20 fs sin 20 fs sin “0 ! fs cos 20
0 1.1263 ~1.1263 1.1263 1.1263 —1.1263 11263
0.3 | 0.6228 ~1.1412 1.3837 0.7894 —1.0575 1.£919
0.5 | 0.0388 -1.3896 [ 1.5592 0.2589 |  —1.1335 1.4868
0.6 | —0.2046 ~1.7027 1.5343 —0.0280 —1.3487 1.5301
0.7 ~0.3608 ~2.2012 ‘ 1.3913 —0.2661 —~1.7795 1.4759
0.8 ( -0.3983 |  ~2.9348 | 1.1099 0.3949 —~2.5165 1.2665
0.9 |  —0.2925 ~3.9902 ‘ 0.6687 —0.3437 ~~3.6922 0.8252
1.0 ' 0.0 ~5.6 0.0 0.0 5.6 0.0
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