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Analysis of a Longitudinal Shear Stress
of Cross-Shaped Elastic Bodies

Norio HASEBE
Department of Civil Engineering
(Received September 14, 1973)

On cross-shaped elastic bodies with curved corners, stress analysis is carried out
as a problem of longitudinal shear stress.

A mapping function which maps a cross-shaped region on a unit circle is used
for the stress analysis.

The stress distributions and the relation between the radius of curvature and the
stress concentration are discussed.

The stress distributions of seven cases are shown in figures.

The expressions of the stress concentration are made for some boundary condi-
tions.

The expressions are with maximum error of two percents.
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Z-plane and the unit circle on the
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Fig. 2 The shearing stress distribution
along the contour
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Fig. 5 The shearing stress distribution
along the contour
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Fig. 6 The shearing stress distribution
along the contour
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Table I The concentration’s factors and Eq. (4, 2), (4, 3) and (4, 4) and their errors
radius the loads of Fig.(2) ‘ the loads of Fig.(4) the loads of Fig.(5)
a [ e Eq. (4.2) \ Eq. (4.2) Eq. (4.2) |
avature| g C.F. (4.3)| Error %! S.C.F. (4.3)| Error 9| S.C.F. (4.3)| Error %
e 4.4 | (4. 4) (4.4) i
14. 241 0.82 | 11.797 0.81 16.684 0.81
0 0.00057 | 14.358 | 14.262 0.67 | 11.894 | 11.815 0.67 | 16.821 , 16.709 0.67
14. 290 0.47 | 11. 838 0. 47 16. 742 0.47
1 11.017 | —0.85 9.127 | —0.85 12.907 | —0.85
0.02 | 0.00123 | 10.923 | 11.018 | —0.87 9. 049 9.128 | —0.87 | 12.798 | 12.908 | —0.87
; 11.0156 | —0.84 9.125 | —0.84 12.905 | —0.84
8.411 | —0.81 6.968 | —0.81 9.854 [ —0.81
0.035 | 0.00276 8.344 8.394 | —0.61 6.912 6.954 | —0.61 9.775 9.83% | —0.61
8.367 | —0.28 6.932 | —0.28 9.803 | —0.28
{ 6.968 | —0.53 | 5.772 | —0.563 8.163 | —0.53
0.05 1| 0.00485 6.931 6.941 | —0.15 5.742 5.750 | —0.15 8.120 8.132 | —0.15
6.905 0.38 5.720 0.38 8. 089 0. 38
[ 3.626 1.12 3.004 1.12 4.248 1.12
0.15 | 0.03462 3.667 3.608 1.61 3.038 2.989 1.61 4.296 4.227 1.61
3.640 0.72 3.016 0.71 4.265 0.71
2.269 1.68 1. 880 1.68 2.658 1.68 |
0.35 | 0.14976 2.308 2. 306 0.07 1.912 1.910 0.07 2.704 2.702 0.08 :
2.334 | —1.15 | 1.934| —1.15 2.735 | —1.15
2.000 | —0.39 1.657 | —0.39 2.343 | —0.39
0.45 | 0.22248 1.992 2.022 | —1.52 1.650 1.675 | —1.52 2.334 2.369 | —1.52
1.981 0.53 1.641 0.53 2.321 0.53 !
" 1.567 | —2.27 1.298 | —2.27 1.836 | —2.27 |
0.65 |0.41898 | 1.533 1.523 0.65 1. 270 1.261 0.65 1.796 1.784 0.65
] 1.514 1.18 1.255 1.18 1.774 1.18 |
| 1.870 | —0.56 1.135 | —0.56 1.605 | —0.56 |
0.73 | 0.52938 1.362 | 1.346 | 1.21 1.128 1.115 1.21 1.596 1.577 | 1.21
1.388 | —1.89 1.150 | —1.89 1.626 | —1.89 ¢
1.239 1.78 1. 027 1.78 1. 452 [ 1.78 |
0.77 | 0.60266 1. 262 1.275 | —1.08 1. 045 1.057 | —1.08 1.478 1.494 | —1.08
1.250 0.89 1.036 0.89 1. 465 | 0.89
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on the logarithmic paper
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Fig. 9 The relations between the stress concentration factor and the radius of cavature

Table | The values of mj and kj of Eq. (4, 2), (4, 3) and (4, 4) for the loads of
Fig.(2), (4) and (5)

mj mg ms | my ms mg
—0. 3333 0. 3333 1.0000 | 1.6667 2.3333 3. 0000
[ k2 ks \ ky ks kg
the loads Eq. (4. 2) 1.1814 —0. 0997 1.1544 —1.7928 —_ —_—
f Fig. (2) (4. 3) 1. 1859 —0.5246 5.3431 —13.1576 8.9709 —_
° g 4. D 1.1931 —1. 3309 18. 8452 —77.3235 | 123.1266 —68. 1666
the loads Eq. 4. 2) | 0. 9787 —0. 0826 0. 9566 —1.4857 —_— | _
of Fig. (4) (4. 3) | 0.9824 —0.4344 4. 4246 —10. 8950 7.4273 —_—
g-1 4. 4) ‘ 0. 9884 —1.1018 15.6023 —64.0146 | 101.9307 —56. 4315
the loads Eq. (4. 2) 1. 3840 —0. 1166 1. 3524 —2.1007 —_ -_
of Fig. (5) 4. 3) 1. 3893 —0.6145 6. 2600 —15. 4162 10. 5106 —
g ! 4. 4 1. 3978 —1.5587 22.0732 —90.5648 | 144.2055 —79.8341 |




BEETEARY®H $25% (1973) 303

39,
S.C.F.= 3 kjom; 4.1
Jj=1

Tt myd, MATOAEL VRODLNLETHS.
S OBSIBATAE (FERAD 270° ¢, m;(j=1~6)
DIEITER— 2 1R

ky ZEMSBROBRP, BREGNDERDLNBE
Thbo

X—2, 4, 5 ICRTH < OHBICH T 25 HEF R
DHRFRAL LR @D OdDE4IE, 538, 6IHS
Bo 84, bbb

4

S.C.F. =X kjpm; (4.2)
j=1
5

S.C.F. =3 kjom; (4.3)
J=1
6

8.C.F. =3 kyp™s W)
=

DENENDEED by DEEFE— 21053 T
BERXORB by 3R—1DfER 7~ 5~ 2 LTlizED
BNSREIZ L DRDIZE DO TH B,

K1k (4.2), 4.3), (d.4) OEbTERSE
V2 D#FEER RS

REVCERET2 HBRECTSBRVGELCEb S LT
BOMHH 5o
HIRPENAEVEREE L AE LAY, R WD OE
L RABLEND B,

B3, 6~ 8 yR T B DX Fiith = /4 dh L 15D
i, SXRRDIE—2, 4, 5 DIEHEFFERDOIRE
MOBEICEE I NS,

5 Henx

FRT T R &R A AL BT 2 s 2 Bbhh
WETIES b5,
FRAROMEAE L IEHRH ORI - T\ 3

7%, MAROHBREY LIEH57, ISEROBREmS
ENIDIRLELEbN S,
RRXFOBEN LRI B EEAY AR T e »
~ZFAL 720

$ £ x @

L) BB TSRO A AR S
£ 1855 1971—1 pp. 9~20.

2) G.C.SIH : “Stress Distribution Near Internal
Crack Tips for Longitudinal Shear Problems”
Jour. App. Mech. 1965—3 pp. 51~58.

3) EFHE - IUHEE : 2 ERENGE T BEMKD
REAWIETT BAEMYEARTE 37% 3038
AB46—11 pp. 2107~2113.

4) RUFEL  “fEw ANTIEED PR & TSI 3515 3,
IETHERRE”  AAEBYSHCE 39% 328
FH448—6 pp. 1779~1785.

5) H.Neuber : “Theory of Stress Concentration
for Shear-Strained Prismatical Bodies with
Arbitrary Nonlinear Stress-Strained Law”
Jour. App. Mech. 1961—12 pp. 544~550.

6) MILFEZ « AWM “YRAlit 53 BA0K
DED D OIS 57" HABMSESRTE
33% 2525 (fg42—8) pp.1175~1182.

7) J.R.RICE : “Stresses Due to a Sharp Notch
in a Work-Hardening Elastic-Plastic Ma-
terial Loaded by Longitudinal Shear” Jour.
App. Mech. 1967—6 pp.287—298.

8) A.D.CHITALEY « F. A. HcCLINTOCK : “Ela-
stic-Plastic Mechanics of Steady Crack
Growth Under Anti-Plane Shear” J.Mech.
Phys. Solids. 1971 Vol.19 pp.147~163.

9) B “OIR & &4 T 3 LEEREEOR-E AN
ST LRFSHFCREE $£2115 19733



