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Element A B C D F E Disp.
No. of 8’s 15 16 17 17 16 21 -
Error r = 5.528 —4.05 —4.21 —4.47 —0.74 —0.05 —0.22 0.10
% 6.250 —6.99 —7.33 —6.51 —0.55 —0.43 —0.79 —11.71
g, 6.972 —5.72 —6.00 —6.25 —0.13 —0.07 —0.80 0.11
8.028 —4.42 —4.59 —6.25 —0.61 —0.07 —0.48 .10
8.750 —9.43 —9.88 —8.45 —0.72 -1.94 —-1.15 15.35
9.472 —14.07 —14.76 —21.56 0.01 0.27 0.05 0.13
Error r = 5.528 —14.44 —14.14 —13.59 0.13 —0.34 —0.33 0.29
Yo 6.250 —2.67 2.67 2.97 3.01 —0.06 —0.14 —3.31
O 6.972 19.55 19.55 18.71 —0.07 —0.38 -0.45 —0.35
8.028 —8.10 —~8.10 —8.83 0.05 0.10 0.08 0,04
8.750 1.68 1.68 —1.64 1.20 0.10 —0.09 —0.94
9.472 10.89 10.89 11.76 0.00 —0.12 -0.15 —-0.16
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Element A B C D F E Disp.
No. of g’s 15 16 17 16 16 21 -
Error [r =5.352 ~1.97 -1.97 -2.07 —0.26 —0.02 -0.11 0.03
Yo 5.833 —3.86 -3.35 —-3.32 —0.20 —0.11 —0.26 —5.47
6.314 —2.44 —2.53 —2.48 0.04 —0.03 —0.23 0.02
7.019 —0.86 —1.90 —2.62 —0.19 —0.03 —0.06 0.02
g, 7.500 —-3.08 —3.15 —3.44 —0.17 —0.27 0.22 —4.96
7.981 —2.54 —2.63 —-3.77 0.01 -0.04 -0.11 0.02
8.686 —2.54 —2.62 —3.14 —0.24 —0.01 —0.17 0.03
9.167 -5.51 —5.7% —5.89 —-0.31 —0.53 —0.43 —9.09
9.64 —8.33 —8.63 -10.60 —0.04 —0.06 —0.19 0.03
Error r = 5.352 -11.14 —~11.14 ~—10.82 0.04 0.17 0.11 0.12
% 5.833 1.32 1.32 1.46 1.55 0.02 —0.05 —-1.17
6.314 13.76 13.76 13.61 —0.03 —0.14 ~0.17 —0.13
7.019 —7.48 —7.48 —-7.61 0.02 0.04 0.04 0.04
[ 7.500 0.92 0.92 0.93 0.80 0.02 —0.04 ~0.61
7.981 9.08 9.08 9.27 —0.01 —0.07 —0.07 —0.06
8.686 -5.14 —5.18 —-5.22 —0.01 -0.02 0.01 0.01
9.167 0.73 0.73 0.75 —0.46 0.00 0.54 —0.35
9.648 6.35 6.35 6.52 0.00 —-0.03 ~0.,04 —0.04
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Mesh 1
Element A B c D F E Disp.
No. of 8’s 15 16 17 17 16 2 —
Error |r = 5,000 1.44 1.18 —0.26 —0.326 —0.26 —0.26 —0.13
% 6.250 | 2.50 2.65 | 3.4 0.16 .00 0.00 0.00
d 7.500 1.41 1.4 | 0.i6 .00 0.18 0.18 0.00
3.150 1.54 1.74 1 1.93 0.00 0.00 —0.19 —0.19
10.000 1.24 1.24 0.62 0.00 0.00 0.21 0.08
Mesh 11
Error |r = 5.000 0.66 0.52 —0.13 —0.13 —0.13 ~0.13 0.00
% 5.833( 1.19 1.33 1.78 0.15 0.00 0.00 0.00
6.667 | 0.65 0.65 0.0 0.00 0.16 0.00 0.00
4y 7.500 | 0.88 1.06 1.24 0.00 0.00 0.00 0.00
8.333 | 0.56 0.38 0.19 —0.19 ~0.19 0.00 —0.19
9.167 | 0.79 0.79 6.99 .06 0.00 0.00 0.00
10.000 | 0.62 0.62 0.41 0.00 0.00 0.00 0.00
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%5 KA or B or PEMRETSL (6 =15°)
(BEHRERZNESME I 3Xx3)

Element A B C D F E Disp.
No. of 8's 15 16 17 17 16 21 -
Error |r==5.634| —3.44 —1.45 --3.19 1.37 3.39 -=0,50 2.63
% 6.500 | —8.49 —1.47 —5.84 3.77 2.70 0.29 | —19.17
7.366 | —10.30 —1.77 4,77 2.32 0.27 0.53 —2.40
°.05T | --4,04 =1.53 ~3.25 1.40 —0.18 —0.17 3.07
Or 10.506 | —8.27 —1.50 —6.58 4.61 —0.45 0.04 | —23.06
| i1.943| —9 49 —1.38 —4.68 3.87 3.56 0.52 —2.99
| 14.479 | —3.84 —1.18 —1.17 2.37 —1.34 —0.36 3.34
16.500 | —12.56 —0.90 | —10.25 8.55 0.08 —0.57 35.56
18.521 | —28.07 ~2.04 | —17.96 13.95 12.17 —0.78 8.29
Error (r=15.634 | —16.92 | —10.56 | —10.87 | —4.56 1.49 —2.86 3.81
% 6.500 | —20.53 4.06 2.88 5.40 —4.04 3.02 | —15.89
7.366 17.70 16.88 15.66 5.87 —2.13 2.89 —6.68
9.057 | —11.13 —8.32 —9.04 | —1.79 —3.72 —1.25 3.88
or 10.500 | —6.90 2.41 1.57 3.62 —0.44 1.23 | —13.80
11.943 14.82 11.01 11.10 3.73 0.96 0.80 —5.34
14.479 | —5.43 —4.46 —5.47 0.21 —1.44 —1.09 2.69
16.500 | —2.71 0.96 0.86 1.70 1.11 0.63 —6.85
18.521 7.59 6.89 5.68 2.84 2.59 1.08 —2.21
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R6A g ox BRERBTHLL (6 =52.5°)
(BEREZRES,RNHE I 6x5)

Element A B c D F E Disp.
No. of 8’s 15 16 17 17 16 21 -

Error |r=5.211 —0.44 —0.34 -—0.35 —0.03 —1.4 —71—5—_ 0.15

% 5.500 —1.12 —0.85 —0.67 ~0.4% —1.65 =005 —2.97

5.789 —1.04 —-0.79 0,44 -0.55 --0.32 —0.15 —0.20

6.423 0.13 —0.03 —0.24 0.2% —0.25 —0.27 0.55

7.009 —0.45 —1.03 =1.i4 —0.36 —0.78 —0.47 —7.51

l 7,577 l 0.00 l —0.39 —0.90 —0.27 0.27 0.08 —0.59

| 8.634 0.02 —0.38 —0.42 0.11 —0.05 —0.26 0.79

Oxr 9.500 —-0.23 —1.39 —1.58 —0.45 —1.15 —0.72 —9.80

10.370 0.70 —1.11 —1.34 —0.20 —-0.13 0.01 —-0.80

11.850 —0.17 —0.69 —0.66 0.03 0.03 —0.21 0.88

13.000 0.02 —1.73 —1.95 —0.51 —1.28 —0.83 —11.42

14.150 1.59 —1.338 —1.63 —0.16 —-0.21 0.00 —0.95

16.060 —0.28 —1.34 —-1.20 —0.20 —0.03 —0.33 1.19

17.500 1.33 =3.1b —3.53 ~0.35 —3.22 —1.52 —21.60

1%.940 8.23 —4.17 —5.63 —0.36 —5.95 —1.10 —-3.31

¥ 6B A or BRMRBEBEIL (¢ =52.5°)
(BERESZNES,WK 11 6X%5)

Element A B C D F E Disp.
No. of #’s 15 16 17 17 16 21 -

Error |r==5.211 —2.26 —1.61 —2.01 0.68 —3.07 —0.08 0.09

% 5.500 2.13 1.13 0.30 1.55 —2.96 —0.09 —2.63

5.789 1.94 1.20 1.64 —1.56 2.13 —0.26 —0.61

6.423 —3.29 -1.97 —-1.62 0.14 —1.18 0.08 1.0}

7.000 3.41 0.69 0.28 1.77 —3.19 —0.23 —5.78

7.577 2.51 1.06 0.80 —0.97 0.63 —0.56 —1.39

8.634 —2.59 —1.70 —1.65 0.22 —0.97 0.17 1.34

or 9.500 2.59 0.47 0.16 1.54 -2.59 —0.36 —6.21

10.370 2.31 0.90 0.78 —0.76 0.17 —0.62 —1.48

11.850 —-2.17 —-1.49 —1.48 0.16 —0.51 0.14 1.02

13.000 1.67 0.30 0.06 1.10 —1.96 —0.32 —4.62

14.150 2.03 0.91 0.81 —0.45 —~0.05 —0.48 —1.04

16.060 —1.61 —-1.20 —-1.11 —0.07 —0.30 0.07 0.55

17.500 1.51 0.35 0.25 0.58 —1.61 —0.11 —2.66

18.940 2.21 1.29 1.17 —0.04 —0.21 —0.21 —0.55

W, FRL.E E. C REBILN or, or BEBRESH, LR EE 4 X 5B . R
PSRRI ue WIRE,FITR 7 L.

132 5 5, X TCH & BB o, TC E FEAERGRE RN, KR A BT E Y 0.8% ; (r
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BITHSL RSEN, HESATR: ABTHRE LFET73.3%, fixCRAURNEN,
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£ B o BEMRBESL (EFRRZIRESRE1REE 1)

Mesh |

Element A B [ D F E Disp.

No. of B’s 15 16 17 17 ' 16 21 -
Error 0= 0° —49.55 —21.32 =2.40 —25.43 .00 ~1z.61 -0.60
% 15° 28.83 15.02 4.570 ! —15.32 0.60 7.51 —0.90
30° —729.13 --18.32 —-2.40 | —22.22 —1.80 -9 61 —0.90
P | 40 | i6.%2 10.85 3.90 11.11 9.61 420 | —1.20
| cue -16.52 —=14.11 —5.41 -15.62 —22.52 -7.21 —0.90
| 75° 15.02 6.61 3.30 6.91 13.21 3.60 —2.10
90° 55.66 —14.71 —20.42 —24.92 —39.04 —21.92 - 4,50

Mesh 11

Element A B [ D F E Disp.

No. of g8’s 15 16 17 17 16 21 PR
Error 6= 0° —6.91 —2.70 0.00 —4.20 0.00 —0.90 0.00
% 15° | —5.41 | —3.60 0.00 | —3.90 0.30 | —0.90 0.00
30° —3.91 ~2.10 0.00 —3.30 0.00 —0.30 -0.30
tp 45° —2.40 —1.50 —0.30 -2.10 —3.30 —0.30 —0.30
60° —1.80 —1.20 —0.30 —1.50 -—4.20 ~0.30 0.00
75° —2.10 —-1.20 —0.990 —1.20 —3.30 —0.30 —0.30
90° —6.31 —3.00 —2.40 —-2.70 —5.41 —1.20 —0.60

%40 T T . — .

. -305 ot A
10 15 20 . -
R/a 5 10 R 15 20
B6A BEEEZIRHEN-—CRE I, 6 X5) E6B HEREZFNEH—CHE I, 6 X 5)
K71 or BEMIEL (¢ =52.5°) K J1 or BEEEML (¢ =52.5%)
— R AT E ——REF A C —HRKEHHT E —RJ/ENHT C

—ERUBR ' —-BERBR
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JCE BAEER,

ET YRR A or, 107 5 THMHR,TC E F. D MAMIFHER;TTC. B XFH; T
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AXISYMMETRIC SOLID-OF-REVOLUTION ELEMENTS
BASED ON THE ASSUMED-STRESS HYBRID MODEL

Tian Zongshu

(Graduate School, Academia Sinica)

Abstract A series of axisymmetric solid-of-revolution elements with 8-node and quadri-
lateral cross section have been developed based on the assumed-stress hybrid model. A qua-
dratic boundary displacement assumption is employed for each element and a variety of in—
terior stress assumptions have been made. Two different kinds of method used for developing
stress field have been studied. Example problems of a thick cylinder under internal pressure
and a thick sphere under internal pressure are utilized to evaluate the various elements, and
a desirable stress assumption has been identified. Comparions of present results with those ob-
tained by the use of 8-node element based on the assumed displacement model indicate thaw
this hybrid stress element is far superior in predicting the stress distribution.

Key words axisymmetric, hybrid stres method, solid-of-revolution element, zero-energy
mode, invariance.



